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[Considerable difference of opinion exists amongst authorities with re- 
gard to the magnitudes known as difference of potential and electromotive 
force, respecting their relation to each other, and to the phenomena which 
occur in voltaic cells. Professor Landis has made analytical and experimental 
investigations in this field the results of which are presented in his paper.] 


Tue purpose of this paper is to discuss some of the difficul- 
ties which have arisen in endeavoring to understand the funda- 
mental phenomena of voltaic cells, and to discuss the solutions 
of those difficulties which have aided in securing a firmer grasp 
of that group of phenomena. 

It will first be considered what transformations of energy are 
characteristic of those objects to which the name voltaic or 
galvanic cell has been given. Ostwald says, “ We will give the 
name cell to any arrangement by means of which electrical energy 
can be obtained from chemical energy.”! Le Blanc gives a 
more comprehensive definition by calling “ any arrangement ” 


|Nors.—The Franklin Institute is not responsible for the statements and opinions advanced 
by contributors to the Journal.] 
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a galvanic cell “ which through chemical reaction or physical 
processes, such as diffusion, etc., is capable of producing elec- 
trical energy; whether the reaction takes place between a solid 
and a liquid, or two liquids, is of no account.” ? 

The statement of Ostwald can be found in many places, but 
the customary application of the name is unquestionably wider 
than this statement will allow. That of Le Blanc is more 
inclusive, but how much more is rather uncertain. 

It seems advisable and convenient to include amongst vol- 
taic cells series of conductors by which electrical energy can be 
generated from one or more of these transformations of energy: 


Fic. 1x. 


(1) of chemical energy; (2) of energy of solution; (3) of 
heat energy when the series is at uniform temperature; (4) of 
energy arising from changes in the volume of the conductors; 
(5) of kinetic and potential energy. 

Des Coudres* has made a study of cells in which kinetic 
and potential energy are transformed into electrical. The 
simplest of these is shown in Fig. 1. The tube with the funnel 
contains mercury which cannot flow from the tube because of 
a fine capillary at the lower end. The larger vessel contains a 
solution of a mercury salt. The smaller vessel contains mercury. 
The current flows in the cell from the column to the smaller 
vessel. This is accompanied by a decrease in potential energy 
since the height of the column decreases. The E.M.F. of such 
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a cell is only .0000153 volts for a column of mercury 760 mm. 
high at 20° C. 

It is with hesitation that photo-electric generators have been 
excluded from a place amongst voltaic cells. These generators 
have electrodes of the same substance in a solution; as copper 
oxide in a solution of potassium or sodium hydroxide. They 
generate electrical energy by the transformation of light energy 
which is allowed to fall on one of the electrodes. Thermo- 
electric generators in which heat energy is transformed into 
electric energy only when differences of temperature exist at dif- 
ferent parts of a series of conductors are excluded from amongst 
voltaic cells even when one of the conductors is an electrolyte. 

The most important attribute of a cell is that to which the 
name E.M.F. is given, but this name is not limited in its use to 
cells alone; we often speak of E.M.F.’s other than those of cells. 
It is therefore customary to give a general definition of E.M.F., 
and afterwards a specific definition of the E.M.F. ofa cell. Since 
this is one of the commonest names in physics, agreement ought 
to exist in stating what is intended by it; but an examination 
of some of the best authorities reveals considerable difference 
of practice in this respect. 

I shall endeavor to show that in the class of magnitudes 
known as differences of potential there exists a smaller class of 
magnitudes which possess certain characteristics not possessed 
by the other members of the class in which they are found. To 
the members of the smaller class convenience and precision join 
in dictating a more exclusive application of the name E.M.F. 
E.M.F.’s are therefore differences of potential of a certain 
variety ; every E.M.F. is a difference of potential, but not every 
difference of potential is an E.M.F. If this task were attempted 
from the statements of physicists concerning the use of the name 
the endeavor would appear rather difficult, for in their divergent 
views, of which at least three exist, there is nothing to suggest a 
consistency running through the use of this name, a usage which 
it would seem well to point out and advisable to follow. 

One view is that E.M.F.’s are not differences of potential, but 
causes of differences of potential. It is said that “ there must 
be cause (i.e., a force present) which drives a certain quantity 
of positive electricity from one metal to another across their 
surface of contact, and permanently maintains one at a higher 
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potential than the other. This force is named E.M.F.”° But 
some of those who give this definition qualify it by saying that 
E.M.F. and difference of potential are often used interchangeably. 
The authority just quoted in distinguishing between them says: 
‘ Potential difference and E.M.F. are very frequently used as 
identical conceptions. Strictly, they are not so, although both 
of these magnitudes are expressed by the same numbers in the 
same system of units. We define potential difference as that 
difference in the electrical state of conductors in consequence of 
which a quantity of electricity is driven from one to the other. 
Potential difference is the cause of that flow of elec- 
tricity which tends to produce equilibrium of electricity and the 
same potential throughout conductors which are joined. As 
the E.M.F., on the contrary, we designate that force which dis- 
turbs the equilibrium and drives electricity from lower to higher 
potential. The magnitude of this force we measure by means 
of the potential difference it produces.” ® It seems exceedingly 
confusing to measure a force by a difference of potential which 
is not a force. Moreover, if the difference of potential is the 
thing to which the name E.M.F. is nearly always applied it is very 
misleading to present another use which is exceptional. 

One authority turns this view around and states that differ- 
ence of potential is the cause of E.M.F. “ Just as in water-pipes 
a difference of level produces a pressure, and the pressure pro- 
duces a flow as soon as the tap is turned on, so difference of 
potential produces E.M.F. and E.M.F. sets up a current as soon 
as a circuit is completed for electricity to flow through. E.M.F. 
may therefore be conveniently expressed as difference of poten- 
tial and vice versa, but the student must not forget the dis- 
tinction.” 7 

The third view is that E.M.F. and difference of potential are 
one and the same. Maxwell says: “ When two conductors at 
different potentials are connected by a thin conducting wire the 
tendency of electricity to flow along the wire is measured by the 
difference of potential of the two bodies. The difference of 
potential is therefore called the E.M.F. between them. E.M.F. 
cannot in all cases be expressed in the form of a difference of 
potential. These cases are, however, not treated of in electro- 
statics. We shall consider them when we come to heterogeneous 
circuits, chemical actions, motions of magnets, inequalities of 
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temperature, etc.” ® Maxwell is therefore only a partial adher- 
ent of this view, but he does not give any characterization of 
those E.M.F.’s which cannot be expressed as differences of poten- 
tial. J. J. Thomson says in defining difference of potential that 
“ the electric potential at a point P exceeds that at a point Q by the 
work done by the electric field on a body charged with unit of 
electricity when the latter passes from P to Q;”’ ® and in defining 
E.M.F. from a point A to a point B that it is the work done by 
electric forces on a unit charge of electricity in going from the 
point A to the point B.1° These definitions agree so closely 
that it seems fair to take it that J. J. Thomson would use differ- 
ence of potential and E.M.F. as equivalent terms. 

Turning to the definition of the E.M.F. of a cell we find that 
one of the authorities who adopts the first view?! says that the 
E.M.F. of a cell is the sum of the E.M.F.’s at the surfaces of 
contact of the conductors which constitute the cell. This is an 
error in that it locates all the components of the E.M.F. of all 
cells at these surfaces of contact. Maxwell’? says that the 
E.M.F. of a cell is the difference of potential between two con- 
ductors of the same substance attached to the terminals of the 
cell. J. J. Thomson * gives a proof of this proposition which 
Maxwell seems to consider as a definition of the E.M.F. of a 
cell. But he first deduces from the law of the conservation of 
energy an equation between the chemical energy which disap- 
pears in a cell and the heat energy which appears in the circuit in 
the same time ¢. The first is CWt in which C is the current, and 
W is the mechanical equivalent of the chemical energy which 
disappears per unit of electricity. The second is C?Rt + C*rt + 
PCt in which R is the external, r the internal resistance, and P 
is the heat in joules which appears or disappears at the junctions 
of the dissimilar conductors per unit of electricity. These are 
equal if all the chemical energy which disappears reappears as 
heat and we have CWt=—C?Rt + C?rt + PCt. This is reduced 
to W—P=C(R-+r) and the quantity on the left-hand side 
of this equation is defined as the E.M.F. of the cell. It is left to 
the reader to find the relation between this definition and the 
general definition already given. 

In proceeding from the view that E.M.F.’s and differences of 
potential are the same, to the view concerning their relation 
which will be presented in this paper, two other considerations 
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are intimately involved: physicists have not distinctly set forth 
criteria by which we can recognize work done when a current 
flows from one part of a circuit to another; nor do they plainly 
distinguish between “ work done by a current ” and “ work done 
upon a current.” Nevertheless both of these questions are of 
fundamental importance in forming clear and adequate concep- 
tions of the processes occurring during the flow of electricity. 

We will first consider one of the most important of those 
processes of which it is said when they occur that work has 
been done during the flow of a current. Such a process occurs 
when a current flows from one part A to another part B of a 
homogeneous conductor at constant temperature and consists in 
a generation of heat which is non-reversible in that there is no 
corresponding destruction of heat when the current is reversed. 
Only when the resistance of the conductor is constant for all 
currents are these quantities of heat proportional to the squares 
of the currents. In such a case it is said that work is done by the 
current in flowing from A to B in overcoming the resistance of 
the conductor. This work is measured by the heat generated. 
Further it is said that a fall of potential exists in the conductor 
from A to B which is measured by the work done per unit of elec- 
tricity. Changes of potential in conductors of this kind differ 
from changes of potential in conductors of other kinds in that all 
of this kind involve a consumption of electrical energy. None of 
them involve a generation of electrical energy. Nor can we in 
any way arrange conditions so as to cause them to involve a 
generation of electricity energy. It would seem that few physi- 
cists would maintain that these changes of potential which 
always involve a consumption of electrical energy are E.M.F.’s. 
For the sake of convenience we may refer to them as changes 
of potential caused by resistance. 

From this simple process which occurs in a homogeneous 
conductor we may proceed to the processes which occur between 
a part of one terminal conductor and a part of the other ter- 
minal conductor of a type of cell that can be very easily con- 
ceived and to which a Daniell cell approximates, but which as 
far as is known does not exist. These are what may be called 
simple chemical cells. In them the only energy transformations 
which occur when they produce a current are transformations 
of chemical energy, and the generation of heat caused by the 
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resistance of their conductors. Such a cell can have three or 
more conductors, but we will consider one like the Daniell which 
consists of five homogeneous conductors. In the Daniell these 
are copper, zinc, an aqueous solution of zinc sulphate, an aqueous 
solution of copper sulphate, copper. At three of the junctions 
of such a cell chemical changes can occur. A chemical cell of 
this genus can belong to one of many species, but we will only 
consider several of them. 

First we will consider a cell in which when it generates a 
current chemical energy disappears at all of the three junc- 
tions. In this case it would be said that work is done upon the 
current at each of the junctions which is measured by the chem- 
ical energy which disappears, and that a rise of potential exists 
at each of them which is measured by the work done per unit of 
electricity.* Besides these rises of potential, a fall of potential 
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caused by resistance exists in each of the conductors of the cell. 
Each of the former involves a generation of electrical energy 
and in this respect differs from the latter which involves a con- 
sumption of electrical energy. Each of these rises of poten- 
tial is called an E.M.F. and their sum is called the E.M.F. of the 
cell. The E.M.F. of this cell consists of three components. Fig. 
2 is a diagram which represents the changes of potential in this 
cell assuming that the falls of potential caused by resistance are 
straight line falls. 

A cell of another species is one in which chemical energy 
disappears at two of the junctions, say the second and fourth, 
and appears at the third. Here work is done upon the current 
at junction two and four, and work is done by the current at 
junction three, and a rise of potential exists at each of the former, 


* When it is said that a rise of potential exists at a junction it is to be 
understood that the current arrives there at a lower potential and leaves at 
a higher. 
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and a fall of potential at the latter. This fall of potential in- 
volves a consumption of electrical energy just as do the falls of 
potential caused by resistance. But it is far more closely related 
to the rises of potential which generate electrical energy by the 
consumption of chemical energy both as regards the processes 
involved and the laws governing those processes. In view of 
this relationship and for the sake of convenience, this fall of 
potential and others like it are called E.M.F.’s as well as those 
rises of potential to which they are related. And the E.M.F. of 
the cell is the sum of the rises of potential minus the related fall 
of potential. Fig. 3 is a diagram which represents the changes 
of potential in this cell. 

These conventions laid down regarding the two simple chem- 
ical cells will apply to all of them, but some difficulties arise when 
what may be called complex chemical cells are considered. One 
genus of these comprises cells in which two chemical processes 
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occur at the same junction; one of which involves a disappear- 
ance, the other an appearance of chemical energy. Two modes 
of interpretation are possible; either that each change of energy 
contributes its own change of potential, or that all or part of 
the energy of one process is converted directly into the energy 
of the other. It is unnecessary to discuss these two modes of 
interpretation here. Another genus of complex chemical cells 
comprises cells in which, besides the generation of heat caused 
by resistance, there are not only changes of chemical energy, 
but also changes in other kinds of energy which, however, 
exactly counterbalance. 

Therefore in every chemical cell producing a current there 
occurs besides the generation of heat caused by resistance, a 
decrease in chemical energy; if any other changes of energy 
occur, they counterbalance. And the disappearance of this 
chemical energy with the flow is our fundamental ground for say- 
ing that work has been done upon the current, and that an E.M.F. 


e 

i! 

| 

a 

3 

tl 

le 

e 

is 

r 

P 

d 

4 

t] 

te 

it 

it 

d 

4 i! 

} 

e 

n 

4 

p 

W 

a 

W 

d 


Vottaic CELLS. 407 


exists in the cell. Further, the work is measured by the energy 
which disappears. And the E.M.F. of these cells when produc- 
ing a current is the sum of all the portions of chemical work 
done upon the current minus the sum of all the portions of chemi- 
cal work done by the current per unit of electricity. 

The question may well be raised whether these conventions 
regarding work done during the flow of a current are purely 
arbitrary. Is the law of the conservation of energy involved? 
Unquestionably the formulation of that doctrine was the chief 
cause in the development of greater clearness in the conception of 
the significance of the term E.M.F., and it is very likely if that 
law did not hold, if a portion of the chemical energy which dis- 
appears in a cell did not appear elsewhere, in any form what- 
ever, that it would be said that the work done upon the current 
is measured by that fraction only of the energy which does 
reappear elsewhere. Another convention which has been pro- 
posed in regard to some of the energy changes which occur in 
a current bearing circuit is that a rise of potential does not exist 
in some cases at a region of the circuit where a portion of energy 
disappears, but that the electricity unites with this energy and 
carries it to another region of the circuit, disuniting with it 
there without a fall of potential.‘4 Unless such changes in 
terminology can be shown to correspond to radical differences 
in phenomena and are appropriately applied to them they cannot 
be looked upon as aiding in the advance of science. 

We are now ready to consider that important law which 
in different forms is known as Thomson’s law. It was first 
definitely formulated and a mode of deduction given by Kelvin 
in 1851 following the prior consideration of it by Joule and 
Helmholtz. As stated by Kelvin it is that “the intensity of an 
electrochemical apparatus is, in absolute measure, equal to the 
mechanical equivalent of as much chemical action as goes on 
with a current of unit strength during unit time.”?5 This 
proposition is erroneous, but the propositions which have been 
put in its place are not very much better. Nernst says: “It 
would follow from the law of the conservation of energy, if a 
galvanic cell neither rose nor fell in temperature when yielding 
a current, that is, if it neither gave heat to its surroundings nor 
withdrew heat from them ”?® that its E.M.F. is equal to the 
decrease in chemical energy per unit of electricity. What he 
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intends is that if in a galvanic cell the heat generated by resist- 
ance be excluded from consideration, and if the sum of the 
other portions of heat generated is equal to the sum of the 
portions of heat destroyed, then the remainder of the proposition 
is true. But even this statement is erroneous unless we exclude 
from amongst galvanic cells all those cells which involve the 
generation of electrical energy by transformation of any other 
forms of energy besides heat and chemical energy. Nernst does 
not speak of this restriction, and in the absence of any good 
reasons we may conclude that the restriction is unnecessary. 
Another statement is that if in a cell all the chemical energy is 
transformed into electrical,'* then Thomson’s law holds. But 
this too is erroneous since all the chemical energy and some 
other form besides could be transformed into electrical energy. 

The correct form of this theorem is,—if in a voltaic cell, the 
only transformations of energy caused by a current, besides the 
generation of heat in overcoming resistance, are transformations 
of chemical energy, or if there are other transformations they 
counterbalance; then the E.M.F. of the cell during the flow ts 
the net change of chemical energy per unit of electricity which 
flows through the cell. No complicated deduction of this theorem 
is necessary, it follows immediately from the conventions regard- 
ing the E.M.F. of a cell which have already been laid down. 

So far we have only considered criteria for the existence of 
changes of potential and the modes of measuring them in a cell 
which is bearing a current. Not one word has been said regard- 
ing a cell which is not bearing a current. Those phenomena 
caused by a current, those disappearances and appearances of 
certain forms of energy which are the only grounds so far given 
for asserting the existence of changes of potential, and are the 
direct means of measuring them: all those phenomena cease 
when the current ceases. Nevertheless we agree to say that a 
change of potential exists from one terminal of a cell to the 
other even when no current flows through it, and we agree upon 
a mode of measuring it based upon phenomena which occur 
when a current does flow through it. Suppose that a steady 
current is flowing through a homogeneous conductor MN of the 
same substance as the terminal conductors of a cell C, and suppose 
that the positive terminal of the cell is joined to a part P of 
the conductor MN while the negative terminal is joined to a 
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part Q of the conductor which is at a lower potential than P. 
The fall of potential in MN can always be made so great that, 
depending on the positions of P and Q, a current flows through 
the cell in the ordinary direction, or no current flows, or current 
flows through the cell in a direction opposite to the ordinary. 
Suppose the first of these cases exists. We can by altering the 
positions of P and Q cause the current in the cell to diminish. 
From the law of the conservation of energy and Ohm’s law it 
can be deduced that in such a case each fall of potential from 
P to Q in the conductor MN is more nearly equal to the E.M.F. 
of the cell than any which precede and that they can be made as 
nearly equal to the E.M.F. as we please by making the current 
small enough. Therefore, when there is no current in the cell 
we say that a rise of potential which is an E.M.F. exists in the 
cell from the negative to the positive terminal as when there is 
a current; and we can say that this E.M.F. is equal to the fall of 
potential from the part P to the part Q of the conductor MN to 
which the terminals of the cell are joined when no current flows 
through the cell. 

We will now briefly recapitulate the views which have been 
presented concerning work done during the flow of a current 
and changes of potential in conductors. 

First: Excepting those processes which are not caused by 
the current, such as local action in a cell; and those processes 
in which a portion of energy disappears at a part of a circuit 
and an equal portion of energy appears at the same part of the 
circuit ;—excepting these cases, whenever energy not electrical 
appears or disappears at a part of a circuit, we say that 
work has been done by the current or work has been done upon 
the current. This performance of work is our fundamental 
ground for asserting a change of potential at that part of the 
circuit at which it occurs. Further, the work performed is 
measured by the energy which appears or disappears, and the 
change of potential by the work done per unit of electricity. 

Second: There are changes of potential caused by currents 
flowing against resistance. All of these involve a consumption 
of electrical energy and we cannot in any way arrange condi- 
tions so as to cause them to involve a generation of electrical 
energy. These are not E.M.F.’s. 

Third: There are changes of potential when a current is 
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flowing, not caused by resistance, but arising from other causes. 
These involve either a generation or a consumption of electrical 
energy. Those which involve a generation of electrical energy 
are E.M.F.’s. Those which involve a consumption of electrical 
energy, although in this respect resembling changes of potential 
caused by resistance, are not classed with them, but are called 
E.M.F.’s too, because of their relationship to changes of potential 
which involve the generation of electrical energy, both in regard 
to the processes involved and in regard to the laws governing 
those processes. 

Finally: There are changes of potential when no current 
flows. These are not caused by resistance, and are called E.M.F.’s 
too, because of their relationship to the preceding changes of 
potential. 

Before applying the general principles which have been laid 
down to particular cases it will be advantageous to consider 
another type of voltaic cell besides the chemical cell. These 
are what may be called heat cells. In them the only transforma- 
tions of energy which occur when they generate a current, 
besides the generation of heat caused by resistance, are trans- 
formations of heat energy, or if there are other transformations 
of energy they counterbalance. If in one of these cells the heat 
caused by resistance is neglected, and if the cell is isolated from 
all outside sources of energy, it will suffer a decrease in heat 
energy. If portions of heat equal to the portions which disap- 
pear are transmitted to the cell it undergoes a process similar 
to the isothermal expansion of agas. The E.M.F. of such a cell 
when producing a current is the net decrease of heat energy per 
unit of electricity neglecting the heat caused by resistance. 

To this class approximate some of the members of that class 
of cells known as concentration cells. One of these consists 
of a weak amalgam of zinc, a dilute aqueous solution of zinc 
sulphate, a weaker amalgam of zinc. The current flows from 
the stronger to the weaker amalgam in the cell, the concentra- 
tions of the amalgams become more nearly equal, the concen- 
tration of the solution increases at the anode and decreases at the 
kathode. Another concentration cell consists of silver, a weak 
aqueous solution of silver nitrate, a stronger aqueous solution of 
silver nitrate, silver. The current flows from the weaker to 
the stronger solution; the silver decreases at the anode and 
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increases at the kathode; the concentration of the weaker solu- 
tion increases at the anode and that of the stronger solution 
decreases at the kathode. That these cells shall be heat cells it 
is necessary for these changes in concentration to occur without 
any changes in chemical energy or energy of solution. These 
cells have E.M.F.’s of only about .05 volts, but they are of much 
importance in the theories of Nernst regarding cells. 

We will now turn to the processes which occur in a Daniell 
cell consisting of the conductors: copper, zinc, an aqueous solu- 
tion of zinc sulphate, an aqueous solution of copper sulphate, 
copper—when the cell is producing a current. From a part of 
the negative terminal to its junction with the zinc there is a fall of 
potential caused by resistance. It is likewise with the other 
conductors, so that no further enumeration of these falls of 
potential need be made. At the surface of contact of the copper 
and the zinc two processes may occur: first, there may be caused 
a very slow union of the two metals with a corresponding 
decrease of chemical energy; and second, heat may appear or 
disappear. If the first of these processes occurs, it is so slight 
as to be negligible. The second is almost so. According to 
the experiments of Jahn?® .585 calories disappear per ampere 
per hour at the surface of contact of the copper and the zinc. 
Respecting the change of potential which occurs at this junction 
two views have been put forward which have led to much con- 
troversy. It is the opinion of Chwolson, the author of one of 
the most recent text-books on physics which is gaining well 
deserved recognition, that this controversy has not yet estab- 
lished either of these two views. One group of authorities 
amongst whom are Maxwell, Lodge, Ostwald and Nernst, while 
not always explicity stating it, start from the convention which 
has already been laid down as the fundamental ground for 
asserting the existence and as the only means of direct measure- 
ment of a change of potential at any part of a circuit conveying 
a current. This convention for this particular case is that, if 
during the flow of a current energy disappears at such a junc- 
tion, work has been done upon the current, which is measured by 
the energy which disappears, and a rise of potential exists there 
which is measured by the work done per unit of electricity. From 
this convention and the experiments of Jahn, it follows that a 
rise of potential of only .00068 volts exists at the junction of 
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the copper and zinc. Another group of authorities including 
Kelvin attribute to this junction a rise of potential varying from 
¥% to 1 volt. Kelvin '® takes his stand largely upon experiments 
of Erskine-Murray ?° with discs of copper and zinc. One of 
these was attached to an insulating support, the other was unin- 
sulated. They were placed facing each other about 1 mm. apart 
in dry air and joined to an electrometer. If they were also 
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connected by wires of copper to a copper conductor, it was 
found that a fall of potential of about 0.65 volts must be pro- 
duced between the points of the copper conductor to which the 
wires were attached by sending a current through the conductor, 
in order to obtain no difference of potential between the discs as 
determined by no deflection of the electrometer when the discs 
are separated. The changes of potential which Kelvin regarded 
as indicated by this experiment are shown in Fig. 4, in which 
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the plates have been separated for convenience in representation. 
Lodge has opposed Kelvin’s interpretation and gives instead Fig. 5. 
The advocates of the second view oppose the convention 
adopted by the advocates of the first view by maintaining that a 
theorem is deducible from the second law of thermodynamics 
which asserts that if 7 is the heat in joules generated per unit 
of electricity at the junction of two metals, e the rise of potential 
there, and 7 its absolute temperature; we have /J7=T%%. Then 
only when e is proportional to the absolute temperatures does 
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e==II, These two views cannot be further discussed except to 
say that Lodge *! has raised grave doubts concerning the validity 
of this theorem. A deduction of it can be found in the recent 
work of Chwolson.** Of course it is plain that the second view 
is contradictory to views of changes of potential in conductors 
presented in this paper. Turning to surface of contact of the 
zinc and zinc sulphate solution there is a gram equivalent of zinc 
transformed from the solid state to the state of zinc in an 
aqueous solution of zinc sulphate per 96540 coulombs accom- 
panied by an increase in the concentration of the solution. At 
the surface of contact of the two solutions a part of a gram 
equivalent of zinc sulphate in aqueous solution replaces an equal 
part of copper sulphate in aqueous solution which may or may 
not be accompanied by changes in concentration. At the junc- 
tion of the copper sulphate solution and the copper a gram 
equivalent of copper is transformed from the state of copper in 
an aqueous solution of copper sulphate to the solid state accom- 
panied by a decrease in the concentration of the solution. Finally 
heat may appear or disappear at each of these junctions. No 
method has as yet been found for determining the values of 
the changes of chemical energy and solution energy at these 
junctions. The values of the portions of heat energy which 
appear and disappear at these junctions are still uncertain, nor 
has the total heat in the cell apart from resistance been directly 
measured. Therefore no direct determination of these com- 
ponent changes of potential can be made, But an approximate 
value of the resultant rise of potential fromm the zinc to the 
copper can be obtained from the resultant decrease of chemical 
energy which occurs by neglecting all other transformations of 
energy. For every 96540 coulombs which pass through the cell 
there is a net decrease of chemical energy of 25,050 calories or 
105,000 joules, so that the E.M.F. of a Daniell cell is about 
1.09 volts. 

_ The most accurate measurement of the E.M.F. of a cell is, 
when no current is flowing, by the convention already laid down; 
or, when a current is flowing, by finding the product of the 
current and the resistance in the circuit outside the cell. This 
second method is worth considering. It rests upon the doctrine 
of the conservation of energy and Ohm’s law in its fundamental 
form. As often stated Ohm’s law asserts either directly or 
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indirectly that the current in a conductor or in a circuit is equal 
to the E.M.F. between the ends of the conductor or in the circuit 
divided by the resistance of the conductor or the circuit. Some- 
times it is required that the current must be steady, but this is 
often omitted. It is frequently maintained that the important 
point** of the law is that the ratio of the E.M.F. to 
the current is constant for all currents with the same 
conductor at the same temperature. But the form which has 
been given contains not the slightest intimation of this impor- 
tant point; and indeed as far as that form goes the ratio of the 
E.M.F. to the current could vary and the law still be true. If 
this ratio did vary the resistance would vary with the current. 
It is greatly to be deplored that these ditferences exist in the 
conceptions of the import of this fundamental law of electricity 
even if the computations made by it lead to no errors. All forms 
of Ohm’s law either rest upon, or are nothing more than a state- 
ment of the convention that the resistance of any conductor, 
from a part A to a part B, to a current flowing from A to B, 
is the fall of potential, caused by resistance, divided by the 
current. It is to be particularly noted that this proposition is a 
convention, and like all conventions cannot be subjected to 
proof. It can only be examined from the point of view of con- 
venience in studying phenomena. It leaves open the question 
whether the resistances of the same conductor at the same tem- 
perature are or are not equal for all currents. Experiments of 
the highest accuracy enable us to answer the question affirma- 
tively for solid conductors, non-electrolytic liquid conductors, 
and electrolytes which are not parts of cells for all currents 
having the same distribution in the conductor. From this short 
digression on Ohm’s law we will now return to the measure- 
ment of the E.M.F. of a cell by means of the current in its circuit 
and the resistance external to the cell. Starting from the con- 
vention which has just been stated we have for a circuit that 
the total fall of potential caused by resistance, V,, divided by the 
current, J, is equal to the sum of the external and internal resist- 
ance of the circuit, R+r. Or R+r=% This equation 
does not as yet contain the E.M.F. of the cell. But if the net 
decrease of energy in the cell, apart from the heat caused by 
resistance, is the only transformation of energy in the circuit be- 
sides the generation of heat caused by the resistance of the entire 
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circuit, we have by the law of the conservation of energy that 
the former is equal to the latter, and the E.M.F. of the cell E is 
equal to the fall of potential caused by resistance. This gives 
R-+r== * from which E can be obtained by making R so 
large that r is negligible and measuring J and R. The equation 
R +r=* with the accompanying restriction constitutes the 
form of Ohm’s law involving only the E.M.F. of the generator. 

One of the difficulties which arises with voltaic cells is in 
regard to the manner in which Ohm’s law applies from one 
terminal to the other of a cell through the cell. In the general 
equation for Ohm’s law C =f what does E represent when 
the equation is applied to this particular case? The customary 
definitions of E.M.F., with the usual statements of Ohm’s law, 
give not the slightest clue as to what E represents. This diffi- 
culty is overcome immediately by means of the fundamental 
form of this law which has been put forward. A direct appli- 
cation of this form of the law to the particular case under 
consideration would be to measure the heat caused by resistance 
in the cell per unit of electricity which is the fundamental mode 

_of measuring a fall of potential caused by resistance and then to 

find the ratio of this fall of potential to the current. This ratio 
is the resistance of the cell. This would be an application of 
Ohm’s law to the cell. The experimental difficulties of this 
method of measuring the resistance of a cell are well nigh insur- 
mountable; and, as far as I know, no attempt has ever been 
made to overcome them. Therefore, some indirect method 
must be established. 

One of these which was much in vogue until about a decade 
ago, and has not yet been relegated to its proper place in all 
text-books is Mance’s method. Two conditions must be satisfied 
in this method: the E.M.F. of the cell and its resistance must be 
constant for two widely differing currents. 

A far better method is to measure the rise of potential through 
the cell from the negative to the positive terminal when a cur- 
rent, which can be found, is flowing through it; and imme- 
diately after opening the circuit, before disturbing changes in 
the cell can occur, to measure the rise of potential through the 
cell when no current is flowing. The first rise of potential 
will be denoted by e; the second rise of potential which is the 
E.M.F. of the cell with no current will be denoted by E; the 
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current will be denoted by J. The rise of potential through a 
cell when a current is flowing is less than the E.M.F. of the cell 
with that current by a magnitude which is the fall of potential 
caused by resistance. Hence if the E.M.F. of the cell with a 
current is equal to its E.M.F. immediately upon the cessation of 
the current, E —e is the fall of potential in the cell caused by 
resistance, and the ratio of this to the current flowing through 
it, is by the convention already stated the resistance of the cell. 
If r is the resistance of the cell, we have r= =. 

Carhart ** has developed a particular mode of carrying out 
this general method. He measured the rises of potential in the 
cell by charging a condenser attached to the terminals of the cell, 
and discharging it through a galvanometer. By this method 
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Carhart found that the resistance of a Daniell cell decreased from 
5.56 ohms with a current of .024 amperes to 4.80 ohms with a 
current of .190 amperes. It can be urged against these experi- 
ments that the E.M.F. with no current which was measured 
before, instead of after, measuring the rise of potential in the 
cell with a current, was too great and that this error was greater 
for the smaller currents. 

Ayres?® has devised a modification of the method of 
Kohlrausch. A Wheatstone bridge is used with the cell 
and a condenser for one arm, a condenser and adjust- 
able resistance for another arm, and two adjustable resistances 
forming the remaining arms. The junction of the first two 
arms is joined to the junction of the last two arms by a con- 
ductor attached to a telephone. The current for the bridge is 
supplied by an induction coil joined to the other pair of junc- 
tions. This arrangement permits the measurement of the resist- 
ance of the cell through a wide range of current. The current 
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from the cell flows through an auxiliary conductor attached to 
its terminals. A diagram of the bridge is shown in Fig. 6. 
The limits of this paper will not permit a discussion of the 
theory of this bridge. The equations which hold when there is 
no current in the telephone are 

r,R 

= 

Ts 
The deduction requires that the E.M.F. of the cell and the resist- 
ance are constant for the slight currents added by induction coil 
to the current of the cell. Ayres found that the resistance of a 
Daniell cell did not vary more than a few thousandths of an ohm 
from 1.600 ohms, for currents from a few thousandths to about 
one-fifth of an ampere. These results are to be expected in view 
of the experiments made with electrolytes which are not parts of 
cells. 
Fic. 7. 


I have performed a series of experiments with a Daniell cell 
to determine whether the disagreement between results of Car- 
hart and of Ayres arise from errors in the experiments of 
Carhart or whether they demand another explanation. The 
method of these experiments differs from that of Carhart merely 
in the manner of measuring the rises of potential in the cell 
with and without a current. Instead of a condenser an auxiliary 
circuit was used. The rises of potential were measured by 
balancing against a fall of potential in that circuit caused by 
resistance. 

Fig. 7 is a diagram of the arrangement of the apparatus. 
The rises of potential in the Daniell cell C were measured by 
the fall of potential in a resistance R, in which a steady current 
was flowing from a storage cell A. This current was main- 
tained steady by keeping the temperature of the storage cell 
constant and keeping the sum of the resistances R, and R, in 
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two boxes always equal to that of one of them with all the plugs 
removed. The resistance in each of these boxes was of course 
varied for each adjustment. The current through R, and R, 
was measured before and after a series of measurements by 
balancing a Clark cell across R,. The Daniell cell had a cylin- 
drical sheet copper electrode 11 cm. high and 8 cm. in diameter 
which rested upon the bottom of the containing vessel. A satu- 
rated solution of copper sulphate was 34cm. deep in this vessel. 
A porous cup was placed centrally inside the copper cylinder and 
a zinc rod 1 cm. in diameter was placed centrally with its lower 
end upon the bottom of the cup. A saturated solution of zinc 
sulphate in the cup had its level in coincidence with the level of 
the solution outside. The rise of potential in the Daniell cell 
was first measured before any current had been taken from it, 
except a trace in adjusting the resistance R, to balance the 
E.M.F. of the cell. Then a circuit was closed containing the cell 
and the box 7, with a resistance of 15 ohms in it. When the 
cell had reached a constant state the rises of potential in the cell 
were measured while the current was flowing and immediately 
after opening the circuit momentarily at the key K,. The rises 
of potential of the cell in the same state were measured imme- 
diately after momentarily disconnecting r, from the cell and 
connecting r, to the cell with resistances of 60 ohms and 200 
ohms successively. This was done by the switch S. A d’Arson- 
val galvanometer, not shown in the diagram, was used in obtain- 
ing the balances. At the beginning and end of one set of experi- 
ments the Clark cell with an E.M.F. of 1.4413 volts was balanced 
by a resistance of 7957.5 ohms in R,, showing a remarkable 
constancy of the storage cell. The current in R, was .ooo18112 
amperes. The E.M.F. of the Daniell cell before taking any cur- 
rent from it was 1.0981 volts. The remainder of the results are 
contained in the two following tables. 

Accordingly a slight decrease in the resistance of this cell, 
beyond the errors of measurement, exist according to this 
method. This can be explained in another manner which will 
bring the results of the method of Ayres and this method into 
agreement. The equation for this method depends upon the 
assumption that E.M.F. of the cell immediately upon the cessa- 
tion of a current is equal to the E.M.F. with that current. In the 
equation for the resistance of the cell r= “>*, if E, the 
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is smaller than the EM.F. of the cell with the current, the value 
of the resistance of the cell obtained from the equation will be 
less than its true value. An increase of the E.M.F. of the cell 
with the current is therefore all that is necessary to explain the 
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Rise of potential in cell Fall of 3 
when sending a potential in cell caused) Currentinthecell | emer of the 
current through fr; or rz by resistance | } 


-5344 +5500 -03545 15-49 
-5347 -5507 
-§5°7 03550 15-5! 
.8607 .2237 -01433 15.61 
.8607 .2237 .01433 15.61 
.8607 -2237 .01433 | 15.61 
1.0056 .0788 .005025 | 15.68 
1.0056 | .0788 .005025 15.68 
1.0056 .0788 005025 15.68 


contradiction between the results of this method and those of 
Ayres, and there seem to be no reasons which can be raised 
with our present knowledge against this explanation. Further 
experiments with other concentrations of the solutions are desir- 
able accompanied by the simultaneous application of the method 
of Ayres and this method. 
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VALUE OF PIG IRON PRODUCED IN 1908. 
STATEMENT BY GEOLOGICAL SURVEY. 


The approximate value of the output of pig iron in the United States 
in 1908 (15,936,018 long tons), as reported by the producers to the United 
States Geological Survey, was $254,321,000 f. o. b. at the furnaces. This 
was a decrease of $275,637,000, or 52.01 per cent., from the value of 1907, 
though the production decreased only 38.19 per cent. The average price 
per long ton was $15.96, as against $20.56 in 1907, but the latter figure was 
the highest during the last two decades. These figures are taken from a 
report on the production of iron ores, pig iron, and steel in 1908, published 
as an advance chapter from “ Mineral resources of the United States, 
calendar year, 1908.” This report contains a map showing the distribution 
of iron ore in the United States, compiled by E. C. Harder, and another 
yy the location of blast furnaces in the United States, compiled by W. 

. Thom. 
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A CRITICAL STUDY OF THE NATURAL CHANGES 
OCCURRING IN FATS AND OILS.* 
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(Contribution from the Food Research Laboratory, Bureau of Chemistry, 
United States Department of Agriculture.) 


( Continued from page 384.) 


The decomposition of fat by certain of these organisms was 
shown qualitatively upon plates; the plating medium consisted of 
an emulsion of palm oil in mineral salt solution to which 1.5 per 
cent. agar had been added. The bacteria colonies and some of 
the mould colonies formed clear areas about themselves when 
plated in this medium; these areas were produced by decomposi- 
tion of the fat, since microscopic examination of the clear spaces 
showed that within them the droplets of fat had vanished almost 
completely. Weighing the fat before and after submitting it 
to the action of the organisms resulted in a loss in weight, hence 
the fat was decomposed. 

The bacteria were named Bacillus a and Bacillus B by Rahn. 
Bacillus a is a rapidly moving, liquefying rod, a characteristic 
distinction between it and Bacillus fluorescens liquefaciens could 
not be determined. It possesses vigorous fat-splitting ability 
as well as oxidizing power. It is able to destroy oleic acid but 
does not attack the volatile fatty acids to any great extent. 

Bacillus B is a rod in which motion could never be detected. 
It decomposes fats to a lesser degree than Bacillus a . It is 
uncertain whether this bacillus prefers any fatty acids. 

The moulds included Penicillium glaucum, another Penicil- 
lium probably Penicillium luteum, a snow-white mould and a gray 
mould. Penicillium glaucum produces greenish yellow spots in 


* Presented at the Seventh International Congress of Applied Chemistry, 
London, 19009. 
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fat; Penicillium luteum (?) colors fat yellow; the snow-white 
mould gives to fat a magnificent red color. The gray mould 
decomposes it but slightly. 

Experimental proof was obtained by Rahn that each of the 
bacilli and moulds is able to consume pure glycerol, pure stearic 
acid and pure palmitic acid. 

These organisms in pure culture were also permitted to act 
upon sterile palm oil or butter fat in the presence of sterile mineral 
salt solution for several weeks. The acidity and iodine number 
of the fats increased, while the Reichert-Meissl number de- 
creased. The moulds produced a far more extensive hydrolysis 
than did the bacilli; they also consumed more volatile fatty acids 
than did the latter, hence gave rise to a greater decrease in the 
Reichert-Meiss] number. The two Penicillii possess strong fat- 
splitting power ; they prefer glycerol and lower fatty acids but do 
not attack oleic acid. The white mould splits the fats but to a 
lesser extent than do the Penicillii, which it resembles in not 
attacking oleic acid; it exerts its oxidizing power first upon the 
volatile acids. Like the gray mould, the yeast decomposes fat 
to only a slight degree. Rahn suggests that the increase in the 
iodine number of the fat is due to the formation of unsaturated 
compounds, possibly from the glycerol. 

Several investigators have recorded the changes in the con- 
stants of butter fat as the butter became rancid. Koettstorfer ?* 
mentions that the saponification number of the fat from two 
samples of butter which had been kept at the temperature of the 
laboratory—one for six weeks, the other for several months— 
suffered a slight decrease, which he ascribed to liberation and 
volatilization of a portion of the fatty acids. However, the 
decrease in saponification number was so slight that Koettstorfer 
declares this constant may be used for the detection of foreign 
fats in rancid butter. Spallanzani?* determined the Reichert- 
Meissl number of the fat of some seventy butters of known 
origin and purity. At the same time, he determined the same 
constant of the fat of two butters (likewise of known origin and 
purity) which had become rancid and had been washed. The 
one sample was eight days old, the other twenty days old. The 
fat of each had a Reichert-Meissl number much lower than even 
the minimum value obtained on fresh butter. The older butter 
had the lower value of the two. 
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Corbetta 2° determined the Reichert-Meiss! number of the 
fat of the same butter in the fresh condition and at intervals 
during a period of six months, as the butter became rancid. This 
constant showed a slight, but progressive, decrease. Washing 
the rancid butter with water or with sodium bicarbonate solution 
failed to remove volatile fatty acids, since both the washed and 
unwashed butter possessed the same Reichert-Meiss] number. 
The butter had been kept in a paper-covered container. On the 
other hand, von Raumer ?® found that the Reichert-Meiss] num- 
ber of butter fat gradually increased with age and the develop- 
ment of acidity and rancidity. His sample, which was stored in 
a dark place, was analyzed at intervals during a period of three 
and a half years. Henriques ** states that the mean molecular 
weight of those fatty acids which are readily volatile in steam 
and are soluble in water, is considerably lower in rancid butter 
than in fresh butter. 

De Kruyff 28 discovered eight new “ lipobacteria,” which are 
of very common occurrence in nature, since they were isolated 
from river water, sewage, excrement of animals and various 
other sources. However, they occur in such small numbers that 
de Kruyff was obliged to resort to an elective culture method in 
order to isolate them. The lipobacteria are aerobes; they first 
secrete a lipase which produces hydrolysis of the fat; then the 
organisms oxidize the free fatty acid directly to carbon dioxide 
and water without the formation of intermediate compounds. 
Each of the new organisms possesses the power both to split 
fats and to oxidize the free fatty acids; not one of the bacteria 
was found to have one and not the other of these properties. 
Data are given by de Kruyff concerning the hydrolysis and oxi- 
dation of triolein, tripalmitin, tristearin and tributyrin, and con- 
cerning the oxidation of oleic, palmitic and stearic acids by the 
lipobacteria. These organisms also destroy elaidin. 

The lipase, which these bacteria secrete, is soluble in water. 
and is able to diffuse in gelatine. . A small quantity of acid or of 
alkali exerts no influence upon the enzyme. When these bacteria 
were grown upon gelatine plates, in which a glyceride was sus- 
pended, each colony formed a transparent circle, due to the diffus- 
ion of the lipase secreted by the organisms. The lipobacteria 
are able to use either organic nitrogen (peptone) or inorganic 
nitrogen (ammonium chloride or potassium nitrate) as food. 


a 
t 
é 
it 
| 
| 
j 
4q 
x & 
4 
¥ 


424 JosepH SAMUEL HEPBURN. 


If both denitrifying bacteria and lipobacteria were present, an in- 
teresting phenomenon was noticed when the gelatine plating 
medium contained triolein and potassium nitrate. Microscopic 
crystals were formed about the colonies. The denitrifiers reduced 
the nitrate to nitrite, and the nitrous acid caused the rearrange- 
ment of the olein into its geometric isomeride, solid elaidin, which 
formed the crystals. 

Bacillus fluorescens is, to a certain extent, a lipobacterium. It 
secretes the lipase, though but slightly. When the medium con- 
tained potassium nitrate and oleic acid, this bacillus caused the 
oil drops to be filled with crystals. However, when triolein was 
substituted for oleic acid, crystals formed in both the oil drops 
and the intermediate spaces. When the medium contained am- 
monium chloride instead of potassium nitrate, no crystals 
appeared. De Kruyff states that anaerobes neither hydrolyze 
nor oxidize fats. 

Droste ?® studied the effect of the moulds of the air upon olive 
oil. A petri dish was covered with agar, which was then exposed 
to the air. Olive oil was poured upon the culture thus obtained ; 
the dish and its contents were agitated several times daily in order 
to aerate; they were stored at room temperature in a dark, not 
very dry place. After the moulds had acted upon the olive oil 
for a period of twenty days, the oil was without odor, a musty 
but not harsh taste had developed, the color was unaltered and 
the oil had become less viscous. It was filtered and analyzed. 
A great increase in the free fatty acids had occurred ; the water- 
soluble free acids and the Reichert-Meissl number increased 
slightly. The saponification number and the iodine number also 
showed an increase. The refractive index remained unchanged, 
and the response of the oil to the elaidin test was affected to only 
a slight extent. 

Recently Huss *° has isolated a new fat-splitting organism, 
Bactridium lipolyticum, from milk. It gives a faulty flavor to 
milk and butter.and especially to cream. The bactridium is a 
facultative aerobe, with flagelle; it liquefies gelatine. Four 
enzymes are secreted by the organism, a rennin-like enzyme, a 
proteolytic enzyme, an enzyme which ferments sugars, with the 
exception of lactose, and a lipolytic enzyme. 

The lipase is able to diffuse through agar and to decompose 
a layer of beef-tallow beneath the agar. The tallow is changed 
both macroscopically and microscopically. Macroscopically the 
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saponified fat may be distinguished from the unchanged fat by 
a quite white, nearly opaque appearance. It is brittle and moist, 
and clings to the agar if the latter be lifted. The unattacked 
tallow, on the other hand, clings to the glass (petri dish). These 
changes occur after the agar plates have been kept at 37° C. for 
twenty hours. Under the microscope the particles of unaltered 
fat have a pale yellow color and no pronounced form. But the 
particles of decomposed fat have a more brownish tinge, and are 
usually starlike. Between these small brownish star-shaped 
particles, long needle crystals, which form clusters, occur 
abundantly. 

When a pure culture of Bactridium lipolyticum was added to 
either sterile or pasteurized cream, which then was kept at 37° C, 
the cream became rancid in odor and taste at the end of forty- 
eight hours. The organism attacks both fat and protein. It 
thrives well in the company of acid-formers up to a certain 
degree of acid-formation, then is either killed or retarded by the 
increasing quantity of lactic acid. If the bactridium be accom- 
panied by a number of acid-formers insufficient either to kill it 
or to retard its growth, the lactic acid prevents either the secre- 
tion or the action of the proteolytic enzyme, but fails to influence 
the lipolytic enzyme; in this case, the cream tastes and smells 
sourish rancid but not bitter. When unaccompanied by other 
organisms, Bactridium lipolyticum decomposes both butter fat 
and protein, and ruins the taste of the cream, making it rancid 
and bitter. 

By virtue of its sugar-fermenting enzyme, the bactridium 
is able to ferment sugars with the exception of lactose; acid is 
formed in the fermentation. Glycerol is also fermented by the 
organism with the formation of acid. 

Deleamo *! has investigated the lipase of the moulds, Peni- 
cillium glaucum, Aspergillus favus and Aspergillus niger. Each 
of these moulds in the powdered condition possesses the power to 
split ethyl butyrate, monobutyrin and tributyrin. Ten grammes 
of each mould were extracted for two days at 37° with a solu- 
tion which contained 1 per cent. monosodium phosphate and 0.5 
per cent. phenol, then filtered. Each extract was permitted to 
act upon each of the esters. The extract from Penicillium glau- 
cum failed to split ethyl butyrate, monobutyrin or tributyrin. 
The extract of Aspergillus flavus had no action on monobutyrin, 
but produced a weak hydrolysis of ethyl butyrate and tributyrin. 
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The solution derived from Aspergillus niger did not hydrolyze 
ethyl butyrate but split monobutyrin slightly and tributyrin to a 
considerable extent. 

Organisms, are, in all probability, unable to live upon abso- 
lutely pure and sweet fats and oils and to decompose them. 
However, if the fats be contaminated by even slight quantities 
of compounds, either organic or inorganic, which supply nutri- 
ment to the organisms, the latter thrive and produce changes in 
the composition of the fats. Apparently organisms are able to 
live in rancid fats. 

Bacteria which decompose fats may be divided into three 
classes. The first class simply produces hydrolysis of the glycer- 
ides. The second class first splits the fats, then consumes the 
lower fatty acids. The third class hydrolyzes the fats, then con- 
sumes the liberated fatty acids of both high and low molecular 
weight. These decompositions of the fat produce changes in the 
values of the fat-constants. The first class of bacteria increases 
the acid value; the second class increases the acid value, iodine 
number and probably the Hehner number, and decreases the 
saponification and Reichert-Meiss! numbers; the changes in the 
values of the constants produced by the third class have not been 
studied. The chief change must be the increase of the acidity. 
The bacteria which decompose fat are always aerobes and are 
usually liquefiers; non-liquefiers ordinarily lack the power of 
attacking fats. 

The moulds usually split the glycerides, then consume the 
volatile fatty acids. As a result, the iodine number, the acid 
value and probably the Hehner number rise while the saponifica- 
tion number and the Reichert-Meissl number decrease. The 
bacteria and most of the moulds consume only free glycerol. 
However, certain moulds possess the power of attacking the 
combined glycerol of fats, and compounds of etherial odor are 
thus produced. 

The yeasts may be divided into three classes, those which 
produce hydrolysis of the glycerides, those which attack the com- 
bined glycerol with the production of an odor of esters and 
those which do not have any action upon fats. It has been 
proved that many fat-splitting organisms secrete enzymes which 
produce the hydrolysis; possibly all lipolytic organisms act by 
virtue of lipases. 
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CHANGES IN FaTs AND OILs. 


EXPLANATION OF THE TABLES. 


Under “ mould” or “organism” is given the name of the 
organism. 

Under “ fat or oil” is given the glyceride upon which that 
organism was permitted to act. 

A sign in the columns of fat-constants signifies that the 
organism caused an increase (+) or a decrease (—) in the 
value of that constant. The (*) indicates that the increase or 
decrease was but slight. 

A sign + in the column headed “ lipase ”” means that the 
secretion of a lipase by the organism was demonstrated. 

The + in the column headed “ ester odor ” signifies that the 
organism produced an odor of volatile esters in decomposing the 
glycerides; when the odor recalled that of a particular ester, the 
name of that ester is given. 

The columns “ investigator ” and “ number” give the name 
of the investigator and the number assigned to his paper in the 
appended bibliography. 


TISSUE-ENZYMES AND THEIR RELATION TO THE FATS. 


Enzymes, which are able to produce hydrolysis of fats and 
of other esters, are found in both the animal and vegetable king- 
doms. In the plant-world, the seeds of many species contain 
more or less fat; in the seeds of these species a lipolytic enzyme 
is usually present. Sigmund ** studied the lipase of the seeds 
of summer rape (Brassica Napus annua), winter rape (Brassica 
Napus oleifera), Ricinus communis, Ricinus major, poppy 
(Papaver somniferens), hemp (Cannabis sativa), flax (Linum 
usitatissimum), pumpkin (Curcurbita pepo) and maize (Zea 
mais ). 

The seeds of each species were ground with water and the 
resulting emulsions were allowed to stand at least for several 
hours and at most for two days. The free fatty acids were 
determined at both the beginning and the end of each experi- 
ment; they increased in every case. 

In order to exclude fermentation and putrefaction during 
the splitting of the fat, a protein, to which the lipolytic enzyme 
clung, was prepared frorn the seeds and was substituted for the 
latter in the experiments. The mode of preparation of the 
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enzyme-rich protein may be described briefly. The seeds of rape 
or of ricinus, both of which proved to be especially suitable, 
were finely divided and extracted with water or glycerol; the 
extract was treated with alcohol whereupon the enzyme and pro- 
teins were precipitated. The precipitate was collected upon a 
filter, washed with alcohol, and dried at 30° C. Weighed quanti- 
ties of this precipitate in the finely divided condition were mixed 
with water and a weighed quantity (5 or 10 grammes) of an 
oil, usually olive oil, of known acid content; the mixture was 
agitated frequently in order to maintain an emulsion. After 
a period of twenty-four hours had elapsed, the acid content of the 
oil was determined. Control experiments were made in which 
pure egg-albumin was substituted for the precipitate in order 
to allow for any hydrolysis produced by the proteins of the 
precipitate. This series of experiments was carried out at ordin- 
ary temperature. While 0.20 to 0.52 gramme of the precipitate 
from rape seed liberated from 51 to 96 milligrammes of oleic 
acid, the same quantities of egg-albumin set free a much smaller 
amount of oleic acid,—from 8 to 11 milligrammes. During simi- 
lar experiments made at 30° to 40° C., the oleic acid, which was 


liberated by the same quantities of precipitate as used in the 


preceding experiments, was increased in weight by Io to 25 
milligrammes. 

Sigmund concluded that the precipitate contains a lipolytic 
enzyme, the action of which is slow and of slight intensity. 

Green,** in studying the germination of the castor-oil plant—- 
Ricinus communis—devoted much attention to the lipase of the 
seeds. The germinating seeds were extracted with an aqueous 
solution which contained 5 per cent. sodium chloride and 0.2 per 
cent. potassium cyanide. The extract was dialyzed until almost 
free from sodium chloride, which hinders the action of the lipase, 
but the content of the extract in potassium cyanide was kept 
constant in order to prevent putrefaction. Ten c.c. of the dia- 
lyzed extract were mixed by stirring with a fluid ounce of castor 
oil which previously had been made into a thick emulsion with 
gum. Litmus solution was added; the mixture was made just 
alkaline to the litmus, and was placed in a dialyzing tube, which 
was suspended in 200 c.c. of a solution containing 0.6 per cent. 
sodium chloride and 0.2 per cent. potassium cyanide. The tem- 
perature at which the experiment was made was 37° C., the dura- 
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tion of the experiment was one week. The litmus gradually 
became purple, then reddish, and glycerol appeared in the dia- 
lyzate which remained unchanged in reaction. Therefore, the 
lipolytic enzmye of the extract had split the oil into free fatty 
acid and glycerol. In a control experiment in which the extract 
was boiled before mixing with the oil-emulsion, neither free 
acid nor free glycerol was formed. 

The lipase, according to Green, acts best in neutral solution ; 
its action is hindered by as little as 0.066 per cent. hydrochloric 
acid and is stopped by 0.133 per cent. of the same acid. Like- 
wise 0.066 per cent. sodium carbonate slightly retards the activity 
of the enzyme while 0.66 per cent. of this carbonate produces an 
entire cessation of the hydrolysis. 

He states that the enzyme is present in the resting seeds as a 
zymogen. Such seeds were ground and freed from oil by means 
of ether. An extract, which was prepared from the residual 
powder in the usual way, failed to hydrolyze emulsion of castor- 
oil. However, this extract became active after it had stood for 
several days, or after it had been heated at 35° for three hours 
with weak acetic acid, which was then neutralized. Extraction 
of the powdered, oil-free, resting seeds with weak acetic acid, 
at incubator temperature, also furnished a lipolytically active ex- 
tract. The zymogen was converted into an active lipase by the 
long standing in solution and by the weak acetic acid. The 
ricinus seeds also contain a proteolytic (trypsin) enzyme and a 
rennin ferment. 

Browne *4 discovered in rice a lipase which splits the rice 
oil and thus produces a rancid rice-bran. The acid value of the 
oil derived from a bran, which had been milled six hours, was 
much higher than the acid value of the oil prepared from an- 
other portion of the same raw rice. The acidity increased in 
unheated bran with far greater rapidity than in heated bran. 
Browne ascribes the activity of the lipase in the rice bran to the 
fact that in the bran a far greater surface is exposed than in 
the rice. 

Connstein, Hoyer, and Wartenberg *° have made an exhaus- 
tive study of the lipase of the seed of Ricinus communis,—the 
castor-oil plant. When seeds and a chloral hydrate solution were 
rubbed together intimately and then permitted to stand, hydro- 
lysis at first was slight; after a day or two, the velocity increased 
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and after several days the fat of the seed was almost completely 
split. The hydrolysis was not hindered by the presence of acid: 
on the contrary the presence of 2 per cent. acetic acid, * 
sulphuric acid, ~ 
splitting of the fat. Experiments with seeds, from which the 
oil had been removed, showed that neither water nor acids can 
decompose the oil-free seeds with formation of acid products: 
further, control experiments on the reagents gave no increase 
in the acidity; hence the increase in acidity, when seeds contain- 
ing oil were used, must have been due to the action of a lipolyti: 
enzyme on the oil. The chloral hydrate was used as a disinfec- 
tant. Each of the following fats and oils—tallow, bone fat, 
cotton seed oil, palm oil, palm kernel oil, rape oil, peanut oil, 
poppy oil, linseed oil, olive oil, castor oil and fish oil—was sub- 
mitted to the action of the ground seeds and solution of chloral! 
hydrate (1 per cent.) and acid or acid salt. These fats and oils 
were split extensively, although not with the same ease and inten- 
sity ; in some the hydrolysis was complete. 

All plant seeds do not possess the lipolytic power to the same 
high degree; the seeds of the Euphorbiacee and especially of the 
ricinus varieties were found to surpass all other seeds in produc- 
ing hydrolysis. Ricinus seeds retained the power to split fats, 
after their shells had been removed, and the oil had been extracted 
either by pressure in the cold or by use of a solvent; the lipase is 
completely indifferent to treatment of the seeds with ether or 
carbon disulphide. The lipolytic power of the enzyme is weak- 
ened by treatment of the seeds with water, salt solutions, glycerol, 
etc. This is especially true if the solution of the enzyme be evap- 
orated, even at so low a temperature as 30 to 35°. The power 
is also lessened if the same sample of seed be used several times. 
if the seed become too hot during grinding, or if the seed be dried 
for too long a time at 100° C. Both resting and germinating 
seeds of ricinus were found to be able to hydrolyze fats with 
approximately the same intensity. Each kind of seed, in the 
absence of added acid, produces a slow initial rate of hydrolysis, 
which becomes far more rapid after the lapse of several days: 
each, likewise, causes a rapid splitting of fats immediately, pro- 
vided dilute acid has been added. 

Energetic splitting of the fat depends upon both the quality 
and the quantity of the seed employed. When the quantity of 
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seed is increased, the hydrolysis becomes more energetic, but 
the intensity of the reaction is by no means proportional to the 
quantity of seed used ; in fact small quantities of seed have a rela- 
tively more energetic action than larger quantities. 

The fat itself also exerts an influence upon the hydrolysis. 
The splitting of various commercial oils does not proceed with 
uniform ease and intensity. Butter fat is very refractory toward 
the lipase. This is probably due to the esters of lower fatty acids 
which occur in this fat. Experiments upon triacetin, tributyrin 
and triolein showed increasing hydrolysis with increasing molec- 
ular weight, but an energetic splitting occurred only in the case 
of the triolein, for the quantity of acid liberated from triacetin 
was exceedingly slight, while that set free from tributyrin was 
rather small. In these experiments, also, it was observed that 
the slow initial rate of hydrolysis became greater after some time 
had passed or after a dilute acid had been added. By studying 
the action of the enzyme upon ethyl acetate, isobutyl acetate, amyl 
acetate, ethyl sulphate, amyl nitrate and benzyl benzoate, it was 
found that esters of acetic acid and of mineral and aromatic acids 
are split but slightly. On the other hand, neutral methyl oleate 
was attacked quite energetically by the lipase, although the liber- 
ated methyl alcohol has a harmful effect upon the enzyme. 

Various factors influence the hydrolysis. At least threefold 
the theoretic quantity of water should be present ; greater quanti- 
ties appear to be of little use but usually do not exert a harmful 
influence. Sulphuric, phosphoric and acetic acids, sodium acid 
sulphate and possibly many other substances, which have an acid 
reaction and are soluble in water, cause the hydrolysis to be rapid 
from the very beginning. The optimum concentration of all the 
acids investigated lay between * and * . While acids, which 
are not soluble in water, may be used, far greater quantities of 
such acids must be applied. The function of the acid is scarcely 
to render active a zymogen, for if the seeds be treated with acid 
and the latter be removed, the seeds possess very slight initial 
lipolytic power in neutral solution and acid must again be added 
to produce the strong initial hydrolytic power. A good emulsion 
is essential for hydrolysis; one part of seed is capable of emulsi- 
fying about 100 parts of fat. An almost permanent emulsion 
may be produced by grinding the fat intimately with either the 
raw or oil-free seed and then mixing with the acidified water. 
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Emulsification of the seed and subsequent addition of the fat 
gives rise to a poor emulsion and consequently an incomplete 
hydrolysis. 

The temperature also plays a rdle. The reaction apparently 
occurs more rapidly and intensively at a moderately elevated 
temperature than at lower temperatures. The increase in lipo- 
lytic power, which develops on standing when no acid has been 
added to the emulsion, likewise takes place sooner at a moderately 
higher temperature. Higher temperatures destroy the emulsion 
of liquid fats, but exert a beneficial effect upon the emulsions of 
solid fats. It is not prudent to pass above 40° ; at 50° the hydro- 
lysis has been retarded, and a temperature of 100° immediately 
stops the reaction. Time also playsa part. Although the reac- 
tion sets in with extraordinary velocity and intensity, yet a cer- 
tain period of time is required for hydrolysis. The intensity of 
the reaction decreases gradually ; but even after the emulsion has 
stood for days, a gradual but continuous increase in free acid 
occurs. The action of the lipase may be retarded or prevented 
by harmful admixtures such as alcohol, alkalies, soap, formalde- 
hyde, sodium fluoride and mercuric chloride. The enzyme is 
indifferent to the presence in moderate concentration of many 
inorganic salts,—for instance, the sulphates of iron, manganese, 
magnesium, sodium and ammonium, sodium chloride, and 
ammonium persulphate. 

Liidy ** noticed that the tissues of the liver and pancreas 
possess power to produce extensive hydrolysis of neutral and 
artificial fats, phenyl esters and acid anhydrides. Muscle tissues 
according to Liidy split neutral fats to but a slight extent, and 
do not even attack tribenzoisin, but are able to hydrolyze pheny! 
esters and acid anhydrides. 

Kastle and Loevenhart *’ have found a lipase in the pancreas, 
kidney, liver, submaxillary gland and gastric and intestinal 
mucosa of the pig, and in the liver of sheep, beef, duck and 
chicken. The enzyme is very stable; after a pig pancreas had 
been in cold storage for seven days it retained 60 per cent. of its 
power to hydrolyze ethyl butyrate. A dry, fat-free pancreas 
retained its lipolytic power in almost full strength for seven 
weeks. Even a putrefying pancreas still possessed power to 
split the ester to a slight extent. Aqueous extracts of liver and 
pancreas of the hog do not lose their power for several days, 
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while glycerol extracts are still active after several weeks. After 
studying the influence of about twenty of the commoner anti- 
septics upon lipase, the conclusion was drawn that by far the 
greater number of them act in a manner harmful to the enzyme; 
this is especially true of sodium fluoride, hydrofluoric acid and 
acids in general. A 0.3 per cent. solution of hydrochloric acid 
permanently destroys the lipase. 

In the extraction of the enzyme from the tissues, if the ex- 
tract be filtered through paper, the filtrate has far less lipolytic 
power than is possessed by the filtrate obtained by merely strain- 
ing the extract through linen or cotton cloth. Repeated filtration 
at ordinary temperatures almost completely removes the enzyme 
from solution. 

Ethyl butyrate, which is somewhat soluble in water, was 
found to be a reagent admirably suited for use in the study of 
lipolytic enzymes. The animal varieties of lipase are able not 
only to hydrolyze this ester but also to synthesize it from butyric 
acid and alcohol; in other words, the reaction which is produced 
by animal lipase is a reversible reaction. The synthesized 
butyric ester, when formed in small quantities, was detected by 
its odor. When the experiment was carried out on a larger 
scale, and more ester was formed, the latter was removed from 
the reaction-mixture by distillation; the first fraction of the 
distillate contained the ester. 

The optimum temperature of the enzyme is 40° C., at 65° to 
70° C. the lipase is destroyed. From experiments on the ethyl 
ester of each of the acids—formic, acetic, propionic and butyric— 
which form an homologous series, it was discovered that the 
higher the molecular weight of the acid, the more readily its ethyl 
ester is hydrolyzed by lipase. On the other hand, the stability 
of the ethyl ester of a fatty acid toward normal hydrochloric 
acid increases with the molecular weight of the fatty acid. The 
velocity of the hydrolysis of ethyl butyrate increases in almost 
direct proportion to the concentration of the lipase, but the 
velocity is not proportionate to the active mass of either butyric 
or acetic ester. At all ordinary concentrations of both the 
enzyme and the ester, the hydrolysis is incomplete. However, 
the reaction approaches completion when very small quantities 
of ester are used, or when the lipase in itself is especially ener- 
getic, or when the lipase solution is exceedingly concentrated. 
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Loevenhart ** has found lipase in a number of organs of 
various animals. In the dog it occurs in the pancreas, kidney, 
lung, brain, adrenal gland, liver, lymph, lymphatic glands and 
active mammary gland. In the pig it is found in the pancreas, 
kidney, liver, intestinal mucosa and subcutaneous fat. The 
enzyme is present in the liver and heart muscle of man and in the 
blood of the cat. It is also present in somatic muscle and in the 
spleen. The most notable occurrences of lipase were in the liver, 
active mammary gland, blood, lymph and intestinal mucosa. 
Special interest attaches to the fact that lipase was found in 
considerable quantities wherever synthesis of fat is known to 
take place as in the active mammary gland and subcutaneous 
fat. Lipogenesis is defined as the storage and translocation of 
fat in the body; both phases of lipogenesis may be brought about 
by lipase which is able to split fats or to form them according 
to the prevailing conditions. 

Lipase solutions were prepared from liver and from pancreas 
of such strength that the solution derived from each organ hydro- 
lyzed the same quantity of ethyl butyrate in the same period of 
time—15 minutes. The solution prepared from each organ was 
permitted to act upon the ester until the limit of hydrolysis was 
reached in each case. When each reaction had reached its limit, 
it was found that the liver lipase had split almost twice as much 
ester as the pancreatic lipase. When lipase was allowed to act 
upon butyric ester until the reaction had reached its limit, in the 
presence of large amounts of the enzyme, the quantity of ester 
hydrolyzed was proportionate to the amount of enzyme present; 
with smaller amounts of enzyme, the hydrolysis was relatively 
more energetic than when larger amounts of lipase were em- 
ployed. The quantity of butyric ester split by lipase, when the 
reaction had been permitted to reach its limit, was largely inde- 
pendent of the excess of ester which was present. 

Kastle *® describes certain experiments upon which he was 
able to base a theory concerning the manner in which lipase 
hydrolyzes esters and glycerides. Although lipase split diethy! 
succinate, diethyl fumarate, diethyl oxalate, and diethyl phtha'ate, 
the enzyme absolutely failed to produce hydrolysis of sodium 
ethyl succinate, sodium ethyl fumarate, potassium ethyl oxalate, 
barium ethyl phthalate, potassium ethyl phthalate. barium ethyl 
sulphate, potassium ethyl sulphate, barium ethyl p-sulphoben- 
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zoate, barium ethyl p-nitrososulphobenzoate, potassium ethyl p- 
nitrososulphobenzoate. Lipase retarded the hydrolysis by 
water of diethyl p-nitrososulphobenzoate, the action of the enzyme 
upon diesters of sulphuric and p-sulphobenzoic acids has not yet 
been studied. These salts of ester acids do not act as poisons 
toward the lipase; for, if the salt of an ester acid, ethyl butyrate 
and lipase solution be mixed, the butyric ether is hydrolyzed by 
the lipase. Moreover, when the salt of an ester acid is mixed 
with lipase solution, and the mixture is permitted to stand for 
24 hours, or longer, the lipase retains its power to split any ethyl 
butyrate which is added at the end of that period. However, 
lipase produced hydrolysis of ethyl p-sulphaminebenzoate and of 
ethyl oxamate. In these experiments the animal variety of lipase 
was used. 

Kastle assumes that the lipase enzyme combines with the 
molecule of the ester and then produces hydrolysis. The salts 
of ester acids are electrolytes and hence are ionized; the enzyme 
cannot combine with an ion and, therefore, does not split such 
compounds. 

He states that animal lipase produces hydrolysis of methyl 
butyrate ; ethyl formate, acetate, propionate, butyrate, isobutyrate 
and benzoate; amyl acetate and butyrate ; and diethy] tartrate. 

Lewkowitsch *° tested the lipolytic power of the lipase of 
pig’s liver upon cotton seed oil, but was unable to obtain an 
hydrolysis exceeding 3 per cent.; possibly his failure was due to 
the lack of a complete and permanent emulsion. 

Kastle, Johnston and Elvove *! have succeeded in preparing 
clear solutions of lipase. They obtained the best results by the 
following procedure. One gramme of fresh hog liver was 
macerated with coarse white sand or powdered glass, and mixed 
with 75 c.c. of water which was then heated to 35° C. Five c.c. 
of ~ butyric acid were added gradually, the solution was made 
up to 100 c.c., and the heavy precipitate which had formed was 
removed by filtration through a folded filter. The filtrate was 
always perfectly clear and was usually tinted slightly yellow, 
although frequently it was colorless. Clear solutions were also 
obtained by means of * hydrochloric acid. 

The precipitate which remained upon the filter contained 
lipase; treatment of the precipitate with 0.2 per cent. sodium 
carbonate solution and subsequent filtration produced a clear, 
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very active solution of lipase. However, when sodium car- 
bonate solutions of lipase are used in studying the hydrolysis of 
ethyl butyrate—this ester was used during the research—the lib- 
erated butyric acid produces a heavy coagulum of protein during 
the hydrolysis. 

During a period of 15 minutes the lipase, which was present 
in a clear solution prepared by means of hydrochloric acid, had 
hydrolyzed at the very least twice its own weight of butyric ester. 
During the same period the lipase, which was contained in a 
clear solution prepared by means of butyric acid, had split at 
least thrice its own weight of ethyl butyrate. The latter solution 
in a period of 89% hours had produced hydrolysis of 60 times 
its own weight of butyric ester, and was still active; the liber- 
ated fatty acids had been neutralized with standard alkali at 
intervals during the hydrolysis. 

The clear solutions of lipase may be kept for weeks, and even 
months, without marked decrease in lipolytic power. The small 
quantity of acid seems to protect the solution from putrefaction ; 
larger quantities of acid destroy the enzyme completely. The 
clear solutions may be filtered repeatedly through filter paper 
without loss in activity. However, filtration through a Pasteur 
Chamberland filter completely removes the lipase from even its 
clear solutions. 

The hydrolysis of ethyl butyrate by lipase was found to be a 
monomolecular reaction. From experiments made at intervals 
of 10° C. from 0° to 40° C., the mean ratio of the velocity of 
hydrolysis at a higher temperature to that at the next lower 
temperature was found to be 1.69. 

The enzyme suffers no permanent alteration while effecting 
the hydrolysis of an ester, but retains its complete activity regard- 
less of the amount of substance that it has previously hydrolyzed. 
The quantity of ethyl butyrate split by lipase is, within certain 
limits, independent of the concentration of the ester; the hydro- 
lysis is slightly greater in more dilute solutions, because in more 
concentrated solutions of the ester, the liberated acid has a greater 
concentration and hence inhibits the enzyme to a greater extent 
than in more dilute solutions. In dilute solutions of butyric ester, 
the hydrolysis produced by lipase bears a far greater resemblance 
to the hydrolysis caused by dilute sodium hydrate than to that 
produced by dilute hydrochloric acid, when enzyme, acid and 
alkali are all acting under the same conditions. 
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Magnus ** prepared lipase solution from liver by the process 
of Rosell. Liver juice was treated with an excess of saturated 
solution of uranyl acetate, and sodium phosphate and carbonate 
were imimediately added to precipitate the excess of uranium. 
After the supernatant liquid had been removed by filtration, the 
precipitate, which contained protein, lipase, and uranyl com- 
pounds, was permitted to stand for 20 hours in contact with 0.9 
per cent. sodium chloride solution; the solution was then filtered. 
The filtrate, which contained lipase, was made neutral to litmus 
and was preserved beneath toluol. In his experiments, Magnus 
used absolutely neutral amyl salicylate; the lipase liberated 
salicylic acid, which was recovered, and identified and deter- 
mined colorimetrically by means of ferric chloride. 

When the lipase solution was subjected to dialysis in order 
to remove non-colloidal impurities, the solution within the 
dialyzer lost the power of splitting amy] salicylate, and failed to 
recover that power when the sodium chloride content was restored 
to 0.9 per cent. However, the lipolytic activity returned immedi- 
ately, when several cubic centimetres of boiled liver juice were 
added to the solution of inactive lipase. Another portion of the 
lipase solution was dialyzed for a period of four days, during 
which the water without the dialyzer was changed twice; these 
dialysates were united and investigated. The dialysis was con- 
tinued in running water until the dialyzer no longer contained an 
active lipase, but only the inactive enzyme. 

The dialysates, obtained during the period of four days, were 
evaporated to dryness; the residue was exhausted with absolute 
alcohol, which was then evaporated. The alcohol-extract was 
treated with ether; the portion insoluble in ether was dissolved 
in water and the solution was neutralized. This solution con- 
tained a coferment. 

Neither the inactive lipase nor the coferment was able to 
hydrolyze amyl salicylate; however, the ester was split by a 
mixture of the solutions of the inactive lipase and of the cofer- 
ment. The coferment is not altered by boiling its solution, but 
is decomposed by reduction to ash, hence is not an inorganic body 
which is permanent at a glowing heat. 

Loevenhart *#* found that the addition of bile salts to a 
dialyzed hepatic lipase solution, which had been prepared by the 
method of Magnus and was inactive toward amyl salicylate, 
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caused the enzyme to regain its activity toward that ester. How- 
ever, the dialyzed lipase solution retained its power to hydrolyze 
ethyl butyrate, and this action was not accelerated by the addition 
of bile salts. Therefore, the bile salts are really a coferment 
but only with respect to amyl salicylate; Loevenhart suggests 
that possibly the function of the bile salts is to render more 
soluble the amy] salicylate, which is a very insoluble ester. 

Loevenhart and Pierce ** have studied the inhibiting effect 
of sodium fluoride upon the hydrolysis produced by hepatic and 
pancreatic lipase. They used ethyl acetate, ethyl butyrate, diace- 
tin, triacetin, and olive oil. The inhibition of the enzyme action 
produced by the same quantity of fluoride became less as the 
molecular weight of the fatty acid increased. The alcohol radical 
apparently plays no part in the inhibition, since hydrolysis of 
esters of the same acid with different alcohols is inhibited by the 
same quantity of fluoride to the same extent. 

The lipase is not destroyed by sodium fluoride. With the 
same quantity of lipase, the inhibition of the enzyme-action in- 
creases with the concentration of the fluoride; with the same 
quantity of fluoride, the inhibition decreases with the concentra- 
tion of the lipase. 

Loevenhart and Pierce offer the following explanation of the 
inhibiting action of the fluoride. The fluoride reacts with an 
intermediate compound, which is formed in the action of the 
enzyme upon the ester, and increases the stability of this inter- 
mediate compound, thus retarding the hydrolysis. 

Amberg and Loevenhart *® investigated the inhibition pro- 
duced by sodium fluoride in the hydrolysis by hepatic lipase of 
the ethyl esters of acetic, propionic, butyric and valeric acids 
and of the methyl esters of caprylic and lauric acids. They also 
found that the inhibition of the ester-splitting decreases as the 
molecular weight of the fatty acid increases. The equilibrium 
point in the reaction is not shifted by the fluoride ; the production 
of the equilibrium is merely retarded. Fluorides exert an inhibit- 
ing influence at dilutions at which other inhibitants of the lipase 
have lost their inhibiting power. Amberg and Loevenhart have 
based a method for the detection of fluorides in foods upon the 
inhibition by these salts of the hydrolysis of butyric ester by 
hepatic lipase. 

Saxl 4® made a study of the splitting of neutral fats, mono- 
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acetin, monobutyrin, ethyl butyrate and amyl salicylate by the 
lipase of various organs, fat tissue and muscle tissue of the dog, 
rabbit and swine. The fine suspension of the organ or tissue in 
physiological salt solution was ordinarily used, with the applica- 
tion of toluol as an antiseptic. At the end of each experiment, 
before titration of the liberated acid, the protein was coagulated 
by heat and removed from the solution by filtration, so that it 
could not influence the titration. The lipolytic power of the 
muscles and of the blood-serum was found to be less than that of 
the other organs. Saxl states that neutral fat, contained in the 
organs or added to them, undergoes a splitting to only a very 
slight degree during the post-mortem autolysis, provided bacterial 
action be excluded. Butter-fat was split to a slight extent by 
finely divided lung and liver, in from one to three days at body 
temperature. 

Monoacetin, monobutyrin and ethyl butyrate, when added to 
the finely divided organs, were split by the latter to a very slight 
but measurable extent, in one hour at body temperature. When 
the organs were allowed to act upon the esters for a period of 
24 to 48 hours, a strong increase in acidity was shown by the 
titration. This high acidity, however, was due not only to the 
hydrolysis of the ester, which had been used, but also to the acid 
formed during the autolysis. The autolysis experiences a consid- 
erable rise through the appearance of slight quantities of acid. 
Amy! salicylate was hydrolysed by nearly all the organs investi- 
gated, with the exception of the muscles. The conclusion is 
reached that none of the previously recommended methods 
affords a quantitative study of the ester-splitting, since the values 
obtained either are so slight on the short periods of digestion 
that they scarcely lie beyond the limit of error, or, on longer 
periods of digestion, are obscured by the sources of error which 
are connected with the methods of determination. 

Dieterich 47 has made an interesting study of the changes 
which occur in swine-fat and beef-tallow before they are ren- 
dered. When the fat of an animal, be it cattle, sheep or swine, 
is removed, it must be spread out and permitted to cool in a cool 
room. If this procedure is not followed, or if the rough fat lies 
in deep layers, spontaneous heating occurs, which changes the 
color of the fat and produces an odor of putrefaction. When 
such a spontaneously heated fat is rendered, the product differs 
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from the normal fat not only in color and odor but also in 
consistency ; it separates into a liquid portion and a solid, gener- 
ally granular part. Dieterich removed the fat from freshly 
slaughtered cattle and swine, rendered a portion immediately 
and determined upon the product the values of the fat constants. 
The remainder of the crude fat was stored for periods of 8 and 14 
days at room temperature (15° to 17° C.) and at a temperature 
of 30° to 35° C. At the end of each period, specimens which 
had been kept at each temperature were rendered, and the fat 
was used for the determination of the values of the fat constants. 
Experiments were made upon the kidney fat of cattle, the leaf 
fat and the bacon fat of swine. 

The most striking change during storage was the increase 
in the acid value; the change was progressive. More free fatty 
acid formed during the same period of time at 35° than at 15° 
to 17°. The higher temperature produced the greatest split- 
ting in the case of the cattle tallow. The swine fats gave rise 
to a greater stench than did the cattle fat. The refractive index 
of the fats and their fatty acids showed a tendency to decrease 
as the acidity increased. The specific gravity of the fats re- 
mained unchanged, while that of the fatty acids changed but 
little. The Reichert-Meissl number oscillated; the iodine num- 
ber and melting and freezing points of the fats and of their 
fatty acids underwent very slight changes. The conclusion is 
reached that a fat is exposed to the greatest changes before 
rendering and not after rendering. 

Work similar to that of Dieterich has been done by Pastro- 
vich.*8 He isolated the membranes which envelop raw tallow, 
scraped off the adhering fat-particles, wiped off any blood by 
means of moist filter paper, dried the membranes in air, and 
chopped the dry product to a fine state of division. 

The chopped membrane was mixed with cotton seed oil 
which contained at least 6 per cent. of water—the quantity neces- 
sary for hydrolysis. The mixture was kept in well-stoppered 
flasks, in the dark, at 35° for as long as 24 days; the flasks 
were shaken daily. The acidity of the oil became greater day 
by day; a mixture of 10 grammes of membrane and 100 grammes 
of oil was hydrolyzed to a greater extent—in the same time— 
than was a mixture of 5 grammes of membrane and 100 grammes 
of oil. The hydrolysis of the latter mixture was considerably 
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retarded by the addition of 2 c.c. of normal sulphuric acid; the 
presence of I c.c. of normal potassium hydroxide retarded the 
splitting for the first few days, then hydrolysis proceeded as 
usual. 

The autohydrolysis of raw tallow from the marrow, pouch, 
intestines, and kidneys was also studied. Each variety was freed 
as far as possible from blood, put through a fat-grinder, and 
permitted to hydrolyze spontaneously. Usually, though not in- 
variably, water was added to the raw tallow. In all the samples, 
fatty acids were liberated ; the velocity of hydrolysis was greater 
in the olein-rich than in the olein-poor specimens. The addition 
of water always aided the splitting of the fat; the greatest accel- 
eration of the hydrolysis was produced by the addition of 12 to 18 
per cent. of water. The presence of a small quantity of ammonia 
or of potassium hydroxide hastened the splitting, but larger quan- 
tities of these reagents retarded it. Dilute mineral acids also 
retarded the hydrolysis as did 2 per cent. solution of chloral 
hydrate, while 2 per cent. solution of mercuric chloride almost 
stopped the reaction. Certain of these experiments extended over 
a period of 163 days. 

During the decomposition the odor was sourish and not un- 
pleasant, and frequently recalled that of fresh cheese; the color 
was that of the raw fat, unless ammonia or fixed alkali had been 
added, when the color became a reddish yellow. At the begin- 
ning of the hydrolysis, free ammonia was evolved; the decom- 
posed raw tallows always contained ammonium soaps, hence were 
rendered with the addition of a few drops of dilute mineral acid 
to decompose the soaps. Any free mineral acid was washed 
out of the rendered fat before the free acids of the latter were 
titrated. When water or alkalies had been added to the raw 
tallow, the mineral acid liberated formic acid, which had its 
origin in the decomposition of the proteins of the membranes. 
The velocity coefficient of the hydrolysis could not be deter- 
mined ; i.e., gave no constant values for the individual periods of 
time. The reaction itself apparently resembles the saponification 
of amyl acetate by ammonia. 

Pastrovich was unable to isolate an enzyme from the mem- 
branes, which enveloped the raw fat, nor from the fat itself. 
From the fact that 2 per cent. of mercuric chloride almost stopped 
the hydrolysis, it was concluded that, even if an enzyme were 
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present, its quantity must be very slight. Therefore, enzyme 
action was excluded, and organisms were considered as the cause 
of the hydrolysis. Aerobic microbes decompose the protein of 
the membranes with liberation of ammonia, which saponifies the 
fat. The proteins cannot furnish sufficient ammonia to hydro- 
lyze the fat on the scale with which hydrolysis occurs. However, 
ammonium soaps are exceedingly labile compounds and readily 
part with their ammonia. Catalyzers—either the organisms 
themselves or certain decomposition products of the proteins— 
liberate ammonia from these soaps; the nascent ammonia is more 
reactive toward fats than is ordinary ammonia, and hence saponi- 
fies the fat. The process of catalysis and saponification is re- 
peated indefinitely, and therefore a small quantity of ammonia 
may produce hydrolysis of a large quantity of neutral fat with 
the liberation of fatty acids. 

The solutions, which remain upon rendering the decomposed 
fat, are slightly acid and contain the glycerol produced by the 
hydrolysis. Whether the glycerol is present in the solutions in 
its entirety, or whether a portion of it is consumed by the 
microbes or otherwise changed, was not determined. 

Walker *® has investigated the changes in cocoanut oil both 
before and after its expression from the copra. He states that 
most of the free acid with the accompanying bad odor and taste 
is produced in the copra itself before the expression of the oil; 
for instance, the oil from a sample of copra, which had been cut 
into fine pieces and exposed to moist air for one month, in- 
creased in acidity from 1.5 to 23.3 per cent. free acid as oleic. 
Moulds, chiefly Aspergilli, which act alone or in symbiosis with 
certain micro-organisms, first hydrolyze the fat then further de- 
compose it within the copra. The conditions most favorable for 
the growth of moulds are a moderately high, constant tempera- 
ture and a content of about 9 to 17 per cent. water; commercial 
copra contains 9 to 12 per cent. water as a rule, hence forms an 
excellent medium for moulds. A specimen with a water content 
of 4.76 per cent. contained neither moulds nor bacteria and the 
acidity of the oil did not increase; however, samples containing 
from 23 to 50 per cent. of water, while free from moulds, were 
infested by bacteria which drew their nourishment from the non- 
fatty constituents of the copra and which liberated but a small 
quantity of fatty acid from the oil. 
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While raw cocoanut oil does not form a suitable medium for 
organisms, yet, if it be contaminated by water and nutrient matter 
in sufficient quantities, moulds may develop and rapidly attack the 
oil. When a pure oil, to which 1 per cent. of water and 1 per 
cent. of “ latic’’ had been added, was exposed to mould action, 
for one week in an incubator, the free acid as oleic rose from 0.10 
per cent. to 8.63 per cent. To prevent rapid deterioration of 
cocoanut oil, Walker recommends drying of the copra until its 
water content is not over 5 per cent., and expression of the oil 
as soon as possible, avoiding long storage in a warm, moist 
atmosphere. 

Lewkowitsch and Macleod ®° made a study of the hydrolysis 
of fats by the pancreatic enzyme, steapsin. A series of experi- 
ments was made upon fresh ox pancreas which had been freed 
from fat. The minced organ was ground with water in a mor- 
tar, and incubated for 20 hours at body temperature, after 
thymol or 0.1 per cent. mercuric chloride had been added. The 
extract was then filtered through paper. The hydrolyzing 
power of the residue, which remained upon the filter, was far 
greater than that of the solution itself; apparently filter paper 
retains the enzyme. The following test for steapsin was used: 
2 or 3 c.c. of the extract of the organ were shaken with a few 
drops of filtered butter fat, phenolphthalein was added, and * 
sodium hydroxide was added until the solution assumed a deep 
red color. The solution was kept at 37° C. for one-half hour, 
then the standard alkali was added until the deep red color again 
appeared. A control experiment was made upon the boiled 
extract. The extract of ox pancreas did not produce hydrolysis 
of an emulsion of cotton seed oil ; its failure to do so was ascribed 
to the possible action of trypsin upon the steapsin. 

Minced pig pancreas was triturated with twice its bulk of 
water in a mortar, and filtered through muslin. Loss of enzyme 
during incubation and by filtration through paper was thus 
avoided. Measured quantities of the extract, thus prepared, 
were triturated with 100 grammes of cotton seed oil or of lard 
until a complete emulsion was obtained. The emulsion was 
poured into bottles which were well corked in order to exclude 
the growth of moulds. Penicillium glaucum developed in only 
a few of the samples after four weeks had elapsed; most of the 
specimens remained free from infection during the entire experi- 
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ment, which extended over a period of two months. The bottles 
were kept at the ordinary temperature. Whenever the contents 
of a bottle tended to separate from the emulsified state, a phe- 
nomenon which occurred especially during the first few hours of 
the experiment, the emulsion was restored by shaking. In the 
experiments with cotton seed oil, after four days as much as 
37-1 per cent. free acid as oleic had been liberated; after 11 
days the hydrolysis set free as much as 46.4 per cent., and after 
56 days the greatest quantity of free acid was 83.8 per cent. 
and 86.7 per cent. ; neither acid nor alkali had been added during 
these experiments. However, the addition of either dilute acid 
or dilute alkali was found to be without decisive influence upon 
the hydrolysis. An outward sign of the hydrolysis of the oil 
was the hardening of the emulsion by the liberated fatty acids. 

Steapsin split lard at a far slower velocity than it split cotton 
seed oil. Although it was found that steapsin is not capable of 
reversing the reaction produced by it, yet it was proved that the 
enzyme is a powerful fat-splitting ferment. 

Gillet *? has found an enzyme in human milk and in the milk 
of cows, horses and asses. It produces hydrolysis of mono- 
butyrin, but has no action upon monoacetin, diacetin, triacetin 
and normal neutral fats; therefore, Gillet proposes that this 
enzyme be called monobutyrinase and not lipase. The enzyme 
is not capable of dialysis, and is precipitated by alcohol but again 
dissolved by water. 

Euler *? studied the relation of the enzyme catalase to the 
fats. He suggests that the catalase of Boletus scaber may bear 
some relation to the not inconsiderable fat content of that fungus. 
Very pure and strong catalase solutions were prepared from 
animal fat-tissues—those of swine. In fact, wherever fat is 
formed or is decomposed, catalase is found in particularly strong 
concentration. After a mixture of fresh swine fat with an 
equal volume of water had stood at 40° C. for one hour, it was 
cooled to 35° C. and filtered. The clear filtrate exerted an ex- 
ceedingly vigorous hydrolyzing action upon ethyl butyrate. Ex- 
tracts of certain seeds, which have been proved to contain lipase, 
e.g., the seeds of the pumpkin and of the castor oil plant, also 
produced a vigorous decomposition of hydrogen peroxide. The 
parallelism of the action of plant and animal extracts in splitting 
fats and esters and in splitting hydrogen peroxide led to the con- 
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clusion that the property of the decomposing hydrogen peroxide 
belongs particularly to the lipase extracts. 

Loew °* maintains that the sole function of catalase, not only 
in tissues which contain little fat but also in those which are rich 
in fat, is to decompose the hydrogen peroxide which forms dur- 
ing the oxidation of all tissues. Moreover, tissues which are 
poor in fat may be rich in catalase and yet entirely lack lipolytic 
power. 

Euler * admits that tissues which are poor in fat may be 
rich in catalase. However, he points out that the intermediate 
formation in many organs—for example, the fat tissues, of 
hydrogen peroxide or other peroxides, poisonous to the animal 
system—has never been proved, although such compounds may 
possibly be formed. Euler maintains his statement that lipolytic 
extracts are especially rich in catalase. 

In the seeds of plants, and in many animal tissues, is found 
an enzyme—lipase—which is able to produce hydrolysis of fats 
and esters, and, according to Taylor,®® of lecithins. In the case 
of both the animal and vegetable varieties of lipase the velocity 
of hydrolysis becomes greater as the molecular weight of the 
ester or glyceride increases. Both varieties act best at a moder- 
ately elevated temperature and are destroyed if heated to too 
high a temperature; both are greatly retarded in activity by cer- 
tain reagents, for instance, by sodium fluoride. The animal lipase 
not only can hydrolyze esters but also can synthesize them from 
acid and alcohol. The synthesis of triolein by means of a vege- 
table lipase—that of the castor bean—has been accomplished 
by Taylor.°® Lipase may produce complete hydrolysis of fats; 
this is especially true of the vegetable variety of the enzyme. 
The enzyme steapsin likewise possesses power to split fats. 
Green °’ considers steapsin, pialyn and lipase to be synonyms 
for one and the same enzyme. The changes, which occur in fats 
and oils before rendering or expression, are probably due to the 
action of organisms, their enzymes and tissue enzymes. If the 
enzyme catalase plays a réle in the chemistry of the fats, that 
rdle is at present but little understood. 


THE ACTION OF ATMOSPHERIC GASES UPON FATS AND OILS. 


With the exception of nitrogen, the gases of the atmosphere 
produce changes in oils and fats which are exposed to their in- 
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fluence. The action of each of the gases,—oxygen, ozone, car- 
bon dioxide, nitrogen, hydrogen and also water vapor—has been 
studied by various investigators. 

Spaeth °§ quotes Scherer ®® who, in 1795, stated that fats, 
on long standing, by absorption of oxygen from the air, assume 
a sharp, biting or burning taste, and become rancid. 

Berthelot °° exposed various synthetic glycerides to the action 
of the atmosphere by storing them in poorly stoppered flasks. 
Oleins became acid within a few weeks; valeric acid was liberated 
from the valerins; butyrins were split rapidly and easily ; acetins 
were soon hydrolyzed, and benzoic acid was, in time, set free 
from the benzoins. Glycerides and esters of oleic acid and of 
the lower fatty acids were exposed to the action of the air in the 
dark for two and a half months both with and without the addi- 
tion of brass filings which served as a catalyzer. The volume of 
oxygen absorbed by each compound was determined. Neither 
benzoic ester, monobenzoins nor butyrins absorbed an appreciable 
amount of oxygen. Acetic ester and diacetins absorbed a slight 
quantity of oxygen which became somewhat greater in the pres- 
ence of the brass filings. The absorptive power was possessed 
to only a slight degree by valerins in a moist atmosphere and was 
increased but little by the filings. Natural oleins, of all the 
compounds examined, had the highest absorptive power for 
oxygen, absorbing six parts of oxygen for every 100 parts of 
their weight, with an increase to eight parts per 100 upon the 
addition of the filings or lead oxide. Oleic ester failed to take 
up as much oxygen as olein; it absorbed but one part in 100, a 
ratio which became somewhat greater in the presence of the 
filings. 

Certain glycerides and esters, ¢.g., those of butyric and ben- 
zoic acids, became acid without the action of oxygen. Berthelot 
decides that oxidation depends particularly upon the acid radical 
of the ester or glyceride. Acid-formation, however, is con- 
nected with the entire molecule of the fat or ester, is due to the 
splitting into free acid and either glycerol or alcohol, and requires 
the presence of water or of humidity. This liberation of fatty 
acid by moisture or humidity, though far slower, is perfectly anal- 
ogous to the hydrolysis of fats and esters upon heating with 
comparatively large quantities of water. The spontaneous for- 
mation of free fatty acids in natural fats is to be ascribed to the 
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slow action of the humidity. Foreign bodies are not essential 
for these decompositions but accelerate them. 

Kingzett ®' prepared oleic acid from beef fat, mutton drip- 
ping and cocoa butter. Five grammes of each sample of the 
acid were sealed over water with a measured quantity of air 
during the month of June. All three samples of acid failed to 
absorb any oxygen during that time. 

Duclaux ** emphasizes the rdle played by atmospheric oxygen 
in the decomposition of oils and fats. He states that organisms 
are unable to attack fats directly, even in mixtures of fat, protein 
and carbohydrate, although they thrive upon such mixtures. 
However, the atmospheric oxygen, which acts in both sunlight 
and darkness, gradually converts insoluble fats into a chain of 
soluble compounds. Cryptogams utilize these soluble products 
of oxidation as food, and convert them into carbon dioxide and 
water. 

Gréger ®* made an investigation covering a period of four 
years, concerning the changes in tallow, bone-fat and palm, cocoa- 
nut, cotton seed and olive kernel oils. After the acidity of each 
fat or oil had been determined, it was divided into four portions, 
one of which was placed in a tightly stoppered bottle. A second 
portion was emulsified with 4 per cent. of a concentrated albumin 
solution and was transferred to a tightly stoppered bottle. A 
third portion was absorbed by means of strips of dry, fat-free 
filter paper which were then stored in a large glass vessel with 
free air access. A fourth portion was treated exactly like the 
third portion, with the single exception that the filter paper had 
previously been saturated with a 1o per cent. albumin solution 
and then permitted to dry. 

After a lapse of four years a chemical examination of the 
samples was made. Those from which air had been excluded by 
tightly fitting stoppers had increased but slightly in acidity, 
while the portions emulsified with albumin contained more free 
acid than the stored samples of pure oil. 

Each sample of fat or oil was recovered from the strips of 
filter paper by means of ether; the residue obtained by evapora- 
tion of the ether was washed several times with boiling water, 
and the acidity of the oil or fat was determined. In the case of 
the fats recovered from the plain filter paper, cotton seed oil, 
cocoanut oil and tallow had increase in acidity, while bone 
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fat, palm oil and olive kernel oil had decreased in acidity since 
their free acids had been oxidized to volatile and soluble acids. 
The fats recovered from the albumin-impregnated filter paper 
were changed to a lesser degree, possibly because this filter paper 
was less porous than the plain variety. The mean molecular 
weight of the insoluble fatty acids of each of the fats and oils, 
which had been exposed to the air, had decreased; hence insolu- 
ble acids of lesser carbon content had been formed during the 
oxidation. Soluble organic acids had been removed from the 
recovered fats and oils by the boiling wash-water; certain of 
these acids crystallized out as the water cooled; the mother 
liquor still contained acids, the quantity of which was so slight 
that they could not be further investigated. 

The crystalline acids from each of the fats and oils were 
converted into their sodium salts. With the solutions of these 
salts, silver nitrate produced a white, flocculent precipitate; lead 
acetate a white, pulverulent precipitate; cupric sulphate a bluish- 
green precipitate, and ferric chloride a flesh-colored flocculent 
precipitate; barium chloride did not form a precipitate. The 
acids distilled apparently undecomposed when heated to a tem- 
perature above 300°. From these chemical and physical prop- 
erties, it was concluded that the crystalline acids were azelaic 
acid. Moreover, sufficient crystalline acids were obtained from 
palm, cotton seed and olive kernel oils for elementary analysis 
and the determination of the melting point and the mean molec- 
ular weight; the acid from cotton seed oil was proved to consist 
entirely of azelaic acid; the acids from palm and olive kernel oils 
were composed chiefly of azelaic acid with the admixture of a 
slight quantity of suberic acid. 

Groger was unable to detect free glycerol in the fats and oils 
which had been exposed to the action of the atmosphere. He 
concludes that the glycerides are hydrolyzed by moisture, the 
fatty acids and the glycerol are then oxidized simultaneously by 
the atmospheric oxygen. The fatty acids are thus changed into 
acids, poorer in carbon and richer in oxygen, belonging partly 
to the fatty and partly to the oxalic series. 

Ritsert ** sealed in glass tubes samples of moist swine fat and 
samples of the same fat, which had been dried for three hours at 
140° ; the seals were made as close as possible to the fat samples, 
without burning the latter. The tubes were sterilized by repeated 
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boiling in a water bath; and then were divided into four sets 
which were kept in direct sunlight, in diffuse daylight, in the 
dark at 15° and in the dark at 37°. After the lapse of 8, 20, 
40 and 60 days, a tube from each set was opened, and its contents 
were examined bacteriologically, organoleptically and chemically. 
Both aerobes and anaerobes were practically absent, the taste and 
smell remained normal and the acidity did not change. The 
samples kept in direct sunlight for 60 days had assumed a granu- 
lar appearance and had altered slightly in taste; these changes 
were possibly due to the separation of the olein from the palmitin 
and stearin. Samples of butter, protected from the air by sealing 
in glass tubes, were perfectly fresh after they had been exposed 
to the action of light for five months. Moist swine fat was 
sterilized in cotton-stoppered Erlenmeyer flasks, some of which 
had been painted black. All the flasks were then exposed to the 
sunlight. At the end of 5, 20, 40 and 60 days, the contents of 
an ordinary flask and of a blackened flask were examined with 
respect to acidity, taste and smell, and presence of organisms. 
Neither aerobes nor anaerobes were found in any of the flasks. 
The acidity of the fat in the blackened flasks remained 
constant and its odor and taste were always those of a fresh 
fat. The fat in the ordinary flasks showed a progressive in- 
crease in acidity, and in rancidity as measured by taste and 
smell. From these experiments it followed that rancidity was 
produced only by the simultaneous action of air and light, 
neither of which by itself gave rise to rancidity. 

The absorption of various gases by both moist and dry swine 
fat was also studied. A 100 gramme sample of the fat was 
placed in a 400 c.c. flask, which was filled with the proper gas 
and then connected with a vessel of mercury by means of a 
vertical glass tube at least 75 cm. in height. As the gas was 
absorbed, the mercury rose in this tube, and thus gave a measure 
of the absorption. Ordinary flasks were used in studying the 
influence of oxygen and of carbon dioxide upon both dry and 
moist fat, and of air, nitrogen and hydrogen upon moist fat. 
Blackened flasks were used when oxygen, carbon dioxide and air 
were permitted to act upon moist fat. In the experiments upon 
dry fat, the gases were also dried. All the flasks were exposed 
to the light at a window facing the east, for a period of 30 days. 
The height of the mercury in each vertical tube was read daily at 
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6 P.M., as was the temperature and barometric pressure. At 
the end of a month, no hydrogen or nitrogen had been absorbed ; 
and no air, and practically no oxygen, had been absorbed in the 
blackened flasks. 

In descending order the gases were absorbed by the fat as 
follows: 

Oxygen by dry fat in ordinary flask. 

Oxygen by moist fat in ordinary flask. 

Carbon dioxide by dry fat in ordinary flask. 

Carbon dioxide by moist fat in ordinary flask. 

Air by moist fat in ordinary flask. 

Carbon dioxide by moist fat in blackened flask. 

Both the moist and dry fat in the ordinary flasks, which were 
filled with oxygen, and also the moist fat in the ordinary flask, 
which was filled with air, had increased in acidity and had be- 
come rancid but contained no organisms. The fats which had 
been exposed to the action of carbon dioxide had increased in 
acidity, were without odor, and had a tallowy, flat taste. The 
acidity of the specimens, which had been kept in hydrogen and 
nitrogen, and in oxygen and air in the blackened flasks, re- 
mained constant and rancidity failed to develop. Ritsert con- 
cludes that light causes oxygen, which is without action upon 
fat in the dark, to become active toward fat and to convert fatty 
acids into oxy acids which give the rancid taste and odor to a 
rancid fat. Hence, rancidity is a process of direct oxidation by 
atmospheric oxygen in the presence of light; and moisture is not 
a necessary factor in the process. 

Ballantyne ®° exposed olive, rape, castor, peanut, cotton seed 
and linseed oils to the air and direct light of the sun for six 
months in uncorked bottles, which were shaken daily. The 
cotton seed and linseed oils developed free acid before they be- 
came rancid. On the other hand, olive, rape, castor and arachis 
(peanut) oils became rancid before their acidity increased. The 
oils bleached rapidly, castor, rape, arachis and linseed oils became 
only faintly yellow, cotton seed oil became almost perfectly color- 
less, while olive oil passed from a yellowish-brown through a 
bright pale green to a colorless condition. However, it is stated 
that all olive oils do not bleach with equal ease. As a rule, the 
specific gravity of these oils increased, while their iodine number 
decreased. All the exposed oils produced a greater rise in tem- 
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peraturc in the Maumene temperature reaction, and a lowering 
by several degrees of the temperature of turbidity in the Valenta 
test. ‘The elaidin test was impaired in the case of the olive oil. 

Oils which were exposed to the direct sunlight with exclusion 
of air were bleached but little. The color of oils, stored in the 
dark, remained unchanged, whether air was admitted to these oils 
or excluded from them. Therefore, both air and light are re- 
quired to bleach or change the color of an oil. Rape oil was 
exposed to light, with exclusion of air, for nine months, then 
its viscosity was compared with that of another sample of the 
same oil which had been stored for the same time in the dark in 
a well-corked bottle. The oil which had been exposed to the 
light had a slightly greater viscosity. 

Fahrion ®* discusses the polymerization of oils. He states 
that polymerization occurs spontaneously, when oils have stood 
for some time, and is hastened by warming. The phenomenon 
is due to the union of the molecules of unsaturated compounds 
(e.g., glycerides of unsaturated acids) at the double bonds, and 
therefore, causes a decrease in the iodine number of polymerized 
oils. Oils which contain a large quantity of unsaturated acids, 
for instance, linseed, poppy, cotton seed, hemp and nut oils, as 
well as blubber, are able to polymerize. When air has access to 
such oils, oxidation may also occur. 

Fahrion ®? stored a sample of fish oil for one year in a glass 
vessel ; the cork stopper, which was removed at frequent intervals, 
was not air-tight. The specific gravity of the oil increased, the 
iodine number decreased to a great extent, the acidity became 
greater and the quantity of hydroxy acids showed a slight in- 
crease. Fahrion ascribes the changes chiefly to a polymerization 
at the double bond. 

The absorption of oxygen by finely divided oils was studied 
by Fahrion.*® He soaked pieces of chamois leather in olive, 
sesame, rape, cotton seed, poppy, nut, linseed and cod liver oils, 
and then exposed the leather to the air. With the exception of 
olive oil, each of the oils absorbed oxygen and reached a maxi- 
mum gain in weight, then lost in weight. Cod liver oil first 
attained the maximum gain in weight, then came the drying oils; 
lastly the other oils. In order to allow for the changing water 
content of the leather, a control experiment was made upon 
chamois leather which had absorbed no oil. 
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The various hydroxy acids, which form when cotton seed, 
linseed and cod liver oils are oxidized upon the chamois leather, 
have been identified by Fahrion.®® Cotton seed oil was absorbed 
in leather and exposed to the air for*several months, during 
part of which it was in the direct sunlight. The oxidized oil 
was recovered by means of etter, kept for a half year, then 
analyzed. The iodine number had decreased enormously ; the 
acidity had increased. The hydroxy acids consisted of di-, tri-, 
and tetra-oxylinoleic acids. Another sample of cotton seed oil 
was absorbed in leather and exposed for 14 days at a somewhat 
elevated temperature; the iodine number of the recovered oil 
was below the normal value, and mono- and dioxylinoleic acid 
were present. A thin layer of cotton seed oil was exposed upon 
a plate to the action of the air for a period of more than a year; 
the oil then contained trioxylinoleic acid. Apparently tetraoxy- 
linoleic acid marks the limit of oxidation. 

Linseed oil was exposed upon leather for 10 days, during 
part of which the temperature was elevated. The iodine num- 
ber of the recovered oil had decreased enormously, while the 
acidity had increased. Di-, tri-, and tetra-oxylinolenic or iso- 
linolenic acids were present. Elementary analysis of a com- 
pletely dry linseed oil gave a composition corresponding to that of 
hexa-oxylinolenic acid. However, the dry oil may have been a 
mixture of oxidation products of linolenic acid, both higher and 
lower than hexaoxylinolenic acid. 

After cod liver oil had been exposed upon leather for five 
days, it was recovered. The iodine number had decreased 
greatly while the acidity had increased. Tri- and penta-oxy- 
jecoric acids were present. 

Fahrion concludes that, during the oxidation of fats and 
oils, unsaturated acids with but one double bond usually furnish 
only volatile and no solid oxidation products. In the case of 
acids, which contain more than one double bond, one such bond 
remains intact; the others open up, and an oxygen atom is added 
at each. Other oxygen atoms enter between carbon and hydro- 
gen with the formation of hydroxyl groups. Polymerization 
may occur at the intact double bonds; and anhydride-formation 
may also take place, since hydroxyl groups are present. Dif- 
ferent stages of the oxidation may occur at the same time. In 
the oxidized oils, the hydroxy acids are present as glycerides. 
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The free hydroxy acids are insoluble in petroleum ether, but 
dissolve in alcohol. 

Spaeth has published analyses dealing with the changes in the 
same sample of swine fat during a storage of one year” and of 
three years.°* Swine fat was rendered, filtered, freed from 
water, analyzed, stored in completely dry glass vessels, which 
were provided with corks, in a closet in a dry, not too warm, 
room. After a year had elapsed, the fat was again analyzed. 
The acidity and refractive index had increased, while the iodine 
number had decreased. 

When the fat had been stored three years, a more elaborate 
investigation was made. The iodine number of the fat de- 
creased ; the acidity, refractive index, acetyl value and Reichert- 
Meiss| number increased, and the melting point became higher. 
The free fatty acids contained saturated and unsaturated acids 
in the same ratio in which these acids were present in the original 
fat. Free glycerol could not be detected. The mean molecular 
weight of the total fatty acids had decreased. The iodine num- 
ber of the liquid fatty acids also showed a decrease. After 
the rancid fat had been washed with hot water, the iodine number 
of the washed fat was the same as that of the fresh fat. Acetic 
and butyric acids were present in the rancid fat, which also 
responded to Becchi’s silver solution. 

Spaeth states that light and atmospheric oxygen decompose 
the acids of the oleic series into acids of lower carbon content, 
hydroxy acids and aldehydes. The decrease in the iodine num- 
ber of the fat and of the liquid fatty acids, he attributes to oxida- 
tion and polymerization. The rise in refractive index is ascribed 
to polymerization. 

Thum™ separated the free fatty acids from the neutral 
glycerides of “ rancid ” olive kernel and palm oils, then liberated 
the fatty acids of the glycerides. Since both the fatty acids, 
which had been present in the free state, and those isolated from 
the glycerides were found to have practically the same iodine 
number as the oil itself, the conclusion was drawn that saturated 
and unsaturated acids are liberated in the same ratio in which 
they occur in the original oil. 

Scala,72 who studied rancid olive oil, decided that rancidity is 
caused by the oxidizing action of air and light upon the members 
of the oleic series, especially upon oleic acid. This oxidation of 
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oleic acid gives rise to formic, acetic, butyric, oenanthylic 
(n-heptylic), azelaic, sebacic, and dioxystearic acids, and to 
oenanthol (n-heptyl aldehyde). All these products of oxidation 
were found in rancid olive oil, and in a sample of pure oleic acid 
which had been exposed to air and light for nearly a year. 
The pungent and disgusting odor of rancid oils is ascribed to the 
presence of oenanthol. 

The changes in the constants of certain fats and oils were 
also studied. Olive oil was kept for 29 months; density, refrac- 
tive index, saponification number and acidity increased as did the 
quantity of volatile acids. The iodine number and quantity of 
fixed (insoluble) acids decreased. The same changes occurred 
in a lard which had been exposed for 16 months. After butter 
had been kept for 38 months, the density, saponification number, 
acidity and quantity of volatile acids had become greater, while 
the iodine number and quantity of insoluble acids had diminished. 

Mjoen ** drew a current of dry, sterile air, from which car- 
bon dioxide had been removed, through molten sterile butter fat 
for a period of several weeks. A rancid smell and taste devel- 
oped, and the fat finally became snow white. The iodine number 
decreased, while the acidity and saponification and Reichert- 
Meissl numbers increased; a compound, which reduced ammoni- 
acal silver solution, was present in the oxidized fat. 

The chemical process of atmospheric oxidation in direct sun- 
light differed from that which occurs in ordinary daylight, the 
sun liberating more acid for the same decrease in iodine number. 
A butter exposed to sunlight retained its deep yellow color. 

After the air current had been drawn through cod liver oil 
for several weeks, the oil assumed a rancid odor and taste and 
became more viscous. Light caused the oil to become more or 
less brown. After a strong current of air had been drawn 
through olive oil at room temperature for a period of 28 weeks, 
the oil was practically unaltered. Mjoen states that bacteria 
and yeasts do not attack and decompose fresh fats. 


(To be continued.) 


MINING & METALLURGICAL SECTION 


(Stated meeting held Thursday, November 4, 1909.) 


THE MINERAL WEALTH OF THE ISLANDS OF 
NEWFOUNDLAND AND JAMAICA. 


INTRODUCTORY ADDRESS OF THE PRESIDENT OF THE SECTION 
A. E. OUTERBRIDGE, Jr. 


[The isiand of Jamiaca is best known as one of the garden spots of the 
earth and a haven for those seeking to escape the rigors of our winter 
climate. The extent and accessibility of its mineral wealth are but little 
known and Professor Outerbridge’s account, dealing with the mineral pro- 
ducing localities and their environment, will lend added interest to this 
region both from the point of view of the tourist and mineralogist.] 


Ir has been my annual custom since my appointment several 
years ago by the Board of Managers “ Professor of Metallurgy 
of the Franklin Institute,” to open the autumn sessions of the 
Mining and Metallurgical Section with a résumé of Mining and 
Metallurgical progress during the year. It is my purpose this 
evening to vary this programme slightly by giving a brief 
account of some of the mineralogical deposits of two important 
colonies of Great Britain; namely, the Islands of Newfoundland 
and Jamaica; one almost bordering on the Arctic Regions, the 
other in the Tropical Zone. 


NEWFOUNDLAND. 


At the inaugural meeting of the Mining and Metallurgical 
Section of this Institute, held April 28, 1897, the paper of the 
evening, presented by myself, at the request of the President of 
the Franklin Institute, who occupied the chair on that occasion, 
was entitled, “‘ The Undeveloped Mineral Wealth of Newfound- . 
land,” and was printed in the JouRNAL OF THE FRANKLIN 
InstiTuTE of September, 1897, embellished with photographic 
illustrations of the “Iron Mine at Belle Isle, Conception Bay,” 
showing ore chutes and loading pier, and another view showing 
the surface workings of this mine. Other pictures showed the 
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‘ Pyrites Mine at Pilley’s Isle’ which, even then, employed a 
fleet of ships. Still another illustration showed the “ Copper 
Mine at Little Bay,” which had a total output at that time of 
about 200,000 tons. Particular attention was paid in this paper 
to the remarkable iron ore deposits at Wabana, Belle Isle, found 
near the surface, and the paper stated that “ there is little doubt 
that in future years an extensive export of hematite iron ore 
will be developed.” 

How fully that prediction has been realized may be seen by 
a glance at the following figures, obtained from an interesting 
paper on “ Mining Iron Ore at Wabana, Newfoundland,” by 
B. S. Stephenson, in the Iron Trade Review of October 14, 1909. 

“ During the past ten years there has been shipped from the 
piers at Wabana over 3,750,000 tons of ore, distributed as 
follows : 


Deliveries (to the United States) during the current year will 
exceed 200,000 tons, sales (bespoken) for 1910 in this country 
aggregate 250,000 tons and, with the completion of develop- 
ment work already under way on Belle Isle, there is every reason 
to expect a steady increase in importations from that source.” 

A few years before the date of my paper the whole of Belle 
Isle was purchased by the Nova Scotia Steel & Coal Co., Ltd., 
for a few thousand dollars, and one year later, in 1898, when the 
Dominion Iron & Steel Company, Ltd., was organized, the lower 
half of the bed of ore on the land, and a submarine area adjoin- 
ing the shore, was sold to that concern for a consideration which 
was reported at that time to have been one million dollars cash. 
Both companies have since then been operating continually on 
their respective properties and have now extended their mining 
operations under the sea. 

One year ago the Nova Scotia Company entered on its own 
submarine areas, after driving a distance of practically 4000 feet. 
The article in the Jron Trade Review says: 

“A conservative estimate, made recently by a well known 
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London engineer, places the amount of ore that may be mined 
from the land and near submarine areas—after making very 
liberal allowances for pillar and other losses—at 104,000,000 tons 
of mineral ‘ practically proved ’ and 291,525,000 tons of ‘ mineral 
reasonably supposed to exist.’ . . . The management of 
the Nova Scotia Company is fully satisfied that the inner sub- 
marine areas alone will yield over 500,000,000 tons of shipping 
ore, while the total ore underlying the inner and outer submarine 
areas of this company will exceed 2,500,000,000 tons.” 

This reads more like a fairy tale than an actual recital of facts 
and it is within the memory of merchants in St. Johns, New- 


Fic. 1. 


CLARENDON Hits, Jamaica.—The heart of the mining district, showing cultivation of the 
estates. The copper-wood mine is above the cottage, fight hand side. 


foundland, who were in the habit of picknicking on the little 
island and ballasting their sail boats for the return trip across 
the narrow strip of water, in case of an unexpected gust of wind, 
with lumps of the ore found lying at the base of the cliffs, when 
the entire island could have been purchased for a few hundred 
dollars! 

It is evident from: what has been here shown, even without 
referring to other mining operations, that there has been consid- 
erable development of the mineral wealth of Newfoundland since 
the publication in the JoURNAL OF THE FRANKLIN INSTITUTE 
of my brief paper on its undeveloped mineral wealth. 

As I am to be followed this evening by Professor Bradley 
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Stoughton, who has kindly come here to give us an address on 
“The Open Hearth Process,” I will not take time even to refer 
to other mineralogical developments in Newfoundland in recent 
years, but will pass on to a brief account of some observations 
concerning the undeveloped and partially developed mineral 
wealth of Jamaica. 


Fic. 2. 


Highway between the copper mines and shipping port. Old Harbor, 11 miles distant. The 
military roads in Jamaica are equalled only by the finest park roads in U. S. 


JAMAICA. 


In March last I visited this beautiful tropical island and saw 
many evidences of mineralogical deposits of interesting character 
in the interior and also not far from the coast, but very little 
had apparently been accomplished in the way of their economic 
development. 

I found that there is a general—if not universal—belief that 
Jamaica, like many other West India Islands, is of volcanic 
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origin, but this impression is evidently unwarranted, as will be 
seen presently. 

In the year 1869 there was published in London, by order 
of the Lords Commissioners of Her Majesty’s Treasury, a 
voluminous and valuable report on the “ Geology of Jamaica,” 
by James G. Sawkins, F.G.S.; this is now a rare volume of 339 
pages, with numerous tables and maps giving complete accounts 
of surveys of the entire island; its geological formation, the 


Jamaica Copper Mines.—Open cut showing width of vein between two dark lines. Super- 
intendent and mine boss examining ore. 


minerals, rocks, rivers, mountains, etc., and I propose to draw 
freely from this fund of reliable information for the facts here 
given. The author says, “ The only vestiges of volcanic action 
occur in the northeast portion of the central range of mountains, 
below the summit of Blue Mountain Peak (over 7000 feet high) 
which consists of sand’‘and gravel, represented by quartzite, 
conglomerate and indurated phosphatic clays.” 

The island is situated between 17° and 19° north latitude, 
and 75° and 79° west longitude; it is 135 miles long, 35 to 50 
miles broad and comprises 3250 square miles area. 
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Over 115 rivers and streams are known to find their way to 
the sea, exclusive of the numerous tributaries from every ravine 
in the mountainous districts, the abundance of water justifying 
the name “ Island of Eternal Springs” given to Jamaica by the 
Spanish discoverers. This never failing source of power is 
practically unlimited but for the most part not utilized. 

The following is a condensed list of metallic minerals taken 
from the geological report referred to: 


Jamaica Copper Mine.—The general manager inspecting a pile of copper ore at the mouth 
of mine. This ore contains a little gold and severa! ounces of silver to the ton. 


‘“ Gold.—This precious metal is found associated with some 
of the oxidized copper ores of the Clarendon Mines.” There is 
a tradition that the Spaniards obtained gold here and they named 
an adjacent elevation “ The Gold Mine.’’ These workings have 
long since been abandoned. 

“ Copper.—The ores of this metal are very widely diffused 
in Jamaica and assume different characteristics according to the 
geological circumstances and form in which they occur, viz.: 
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as carbonates in crystals, silicates and even native in granular 
form. Copper also occurs in veins both in Portland and Claren- 
don but are most distinctively so in the latter parish. The metal 
occurs usually in detached deposits among disintegrated rocks on 
the sides of the mountains either in the form of silicates, car- 
bonates or oxides.” 


Fic. 5. 


Copper-Woop Mine, showing opening at top of mountain. Tobacco field and cocoanut 
grove in the valley. Jamaica. 


In the geological report of the parishes of St. Thomas and 
Portland no less than twelve pages are devoted to descriptions of 
the various copper deposits. In the chapter entitled ‘ Economic 


Geology of the Parish of Clarendon” the following account 
appears: ‘ The Clarendon Mines afford a nearer approach to true 
lodes of mineral veins than any of the other metalliferous 
deposits of Jamaica. Without being contained in mechanical 
fissures, still, the deposits are bound by definite walls and char- 
acterized by distinct gangue and ribs of ore. . . . During 
the year 1858 some specimens of blue and green carbonates of 
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copper were given to the Hon. Lewis Mackinnon as specimens of 
copper ore from the Clarendon mines and on leaving Halse Hall 
these specimens were thrown away. While I was surveying this 
(Clarendon) parish I occupied Halse Hall, and the Assistant 
Geologist, Mr. C. B. Brown, while on a visit, found a small piece 
of the discarded rock and on close examination discovered that 
what had been considered by the miners copper pyrites was truly 


Fic. 6. 


Pay Day at THE M1nES.—The negroes receive about 36 cents per diem. There are 150 men 
working, night and day shifts. Jamaica copper mines. 


gold. Large pieces were afterwards found containing sufficient 
gold to be considered gold ore, the value was established at from 
£60 to £70 per ton, besides the copper which would yield from 
12 to 15 per cent.” 

It is of record in the archives of the colony that in the year 
1857, 207 tons 15 cwt. of copper ores were shipped from the 
Clarendon mine and Mr. Sawkins states that had these mines 
been worked intelligently and due attention given to the under- 
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taking, the mining would have then proved a success instead of a 
failure. It is the same region that is now being developed by 
Boston capitalists and is in the centre of an agricultural district 
under high cultivation. 

In Appendix HII of Mr. Sawkins’s report there are quite a 


Free hand sketch of narrow trail to top of Blue Mountain Peak, Jamaica, (7443 feet 
elevation), showing one of many sharp turns on dizzy heights, with conical peaks below. 
The trip required two days of hard riding on sure footed mountain ponies. 


number of analyses of evidently selected specimens of copper 
ores from different localities, among which are the following: 


COPPER 


Copper Pyrites 35-93 per cent. 
Purple or Peacock ore 62.50 per cent. 
Mixed purple and gray ore 70.99 per cent. 
Gray copper ore 79.80 per cent. 
Native copper 08.97 per cent. 


Among other minerals described in the report as being found in 
Jamaica are cobalt, lead (galena), zinc (sulphide), manganese 
(pyrolucite), iron, arsenic,-and antimony. No mining operations 
have been established so far as I have been informed, except for 
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copper in the Clarendon hills where extensive developments are 
now in progress. 

In 1906 several Boston men obtained a lease of 227634 acres 
of land in these hills, with option of purchase within a few years, 
and since then have been vigorously prospecting and tunnelling 
into the hills. At the time of my visit to Jamaica ( March, 19009 ) 
there were about seventy-five laborers at work blasting out ore 
and sixty-two openings had been made, from more than forty of 
which it was said that different kinds of ore had been taken 
showing profitable copper values and carrying more or less value 
in silver and gold. 
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Sketch of Elma Mine—one of ten mines now opened on the property. 


I secured a collection of samples of these copper ores from 
several of the mines and they have all been classified at the 
Academy of Natural Sciences. Duplicate samples, duly labelled, 
are on the table for inspection at the close of the meeting. 

Several of the specimens are very rich ores. I have also 
obtained copies of forty-seven analyses made by six different 
firms in New York, Boston, Denver, Jamaica, and London, of 
samples taken from the run of the mines that have been analyzed 
for the purpose of obtaining definite information regarding the 
average value of the deposits, these show, of course, wide varia- 
tions, ranging from a minimum of 4.06 per cent., to maximum 
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69.32 per cent. copper, also showing gold, ranging from a mere 
trace up to 1.72 ounces per ton, and from a trace of silver up to 
56.44 ounces per ton of ore. 

At the time of my visit in March last, a little over 1200 feet 
of tunnels had been made, since that time the force of laborers has 
been doubled and development work has progressed rapidly, as 
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Sketch of MacNish Mine, recently opened. 


will be seen from the annual report of the General Manager of 
the Jamaica Consolidated Copper Co., dated October 13, 1909, 
just issued. 

“TI am pleased to report most satisfactory progress at the 
Mines during the past twelve months. Our development now 
stands as follows, in tunnels, cross-cuts, upraises and drifts: 


Sylvia Mine 
Victoria Mine 
Cheltra Tunnel 
Iva Mine 

Elma Mine 
Clarissa Mine 
Copper Wood Mine 
Cyril Tunnel 
Congo Hill Mine 
MacNish Tunnel 
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making a total of 4356 feet, with more than 2000 feet of open 
cuts and prospect shafts not included in the above. 

“The Mines have recently been examined by one of the 
ablest mining men in America. He reports as follows: 


Ore in sight ready for extraction,— TONS 


with all breasts and drifts in ore. This makes a grand total of 
1,585,800 tons.”’ 

Some of the peculiar or distinctive features of copper mining 
in the Clarendon hills in Jamaica may be enumerated as follows: 

1. A great portion of the estate is under cultivation, furnish- 
ing considerable revenue, besides all the food stuffs required to 
feed all the hands now, or that may be in the future employed on 
the plantation or in the mines, the balance is mainly forest land 
containing all the timber that could ever be used in the mines or 
in the erection of buildings and also precious woods of various 
kinds. 


2. Native labor is employed with success at an average wage * 


of about one shilling and six pence per diem. The negroes are 
apparently a contented class and the wage is a little more than is 
paid agricultural labor on the neighboring plantations. 

3. The distance from the shipping point “ Old Harbor,” or 
from the railway station, “ May Pen,” is a little more than 10 
miles over highways so perfect as to be compared only to park 
roads. 

4. The climate is such that work can be carried on day and 
night throughout the year. 

5. Abundant water is available for power and for electrolytic 
refining operations at low cost. 

The following classification of the samples of copper ores 
from seven different mines on the property of the Jamaica Con- 
solidated Copper Company has been kindly furnished by the 
Curator of the Academy of Natural Sciences. Duplicate speci- 
mens have been presented to the Academy and to the Franklin 
Institute. 
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No. 1.—Bornite with azurite and malachite; from Iva Mine. 

No. 2—Chalcocite with malachite and chrysocolla; from Victoria Mine; 
very rich ore. 

No. 3.—Chrysocolla and chalcocite; from Sylvia Mine; rich ore. 

No. 4.—Bornite and malachite with chalcocite and chrysocolla; from 
Clarissa Mine. : 

No. 5.—Metallic mineral, dorneykite or mohawkite; red portion, cuprite 
(copper oxide); from Sylvia Mine. 

No. 6.—Chalcocite and chrysocolla; from Elma Mine. 

No. 7.—Red part, cuprite; blue green portion, chrysocolla; bright green, 
garnerite; tarnished patches, Mohawkite. (The garnerite is nickel and 
magnesium silicate.) 


In conclusion I think it proper to repeat what I said in my 
address given in 1897; namely, that I am merely an observer 
from an outside standpoint and chronicler of these exploitations, 
and am not connected in any capacity with any of the mining 
companies. I am not, therefore, prepared to express an authori- 
tative opinion as to the future commercial value of any of the 
operations described, but I have verified, as far as possible, state- 
ments furnished to me before presenting them in this paper. 
Should the development of the mineral wealth of Jamaica in 
the next decade compare favorably with that of Newfoundland 
since my address in 1897, I hope I may have the pleasure ten 
years hence of calling attention to it, as I have just now done 
with respect to the remarkable developments of mineral wealth 
of Newfoundland in the past twelve years. 


Note.—At the conclusion of this address a number of lantern slides made 
from kodak pictures taken by the author and his party were exhibited show- 
ing the general character of the country, together with views up the trail 
leading to the top of Blue Mountain Peak. This is a difficult and rather 
dangerous trip, occupying two days of very strenuous riding; skirting numer- 
ous precipices and affording magnificent views. Since the earthquake of 
1907 few, if any, visitors to the island have made this ascent, and the path 
is somewhat overgrown and partly obscured in many places. It is necessary 
to employ guides also to carry warm clothing, and to arrange in advance for 
accommodation over one night, or possibly longer, in case of bad weather. 
at one of the coffee plantations on the side of the mountain. It is not 
always possible to obtain such shelter. 
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MINING METALLURGICAL SECTION 


(Siated meeting held Thursday, November 4, 1909.) 


RECENT PROGRESS IN OPEN HEARTH STEEL 
PRACTICE. 


BY 
BRADLEY STOUGHTON. 


{The basic open hearth furnace, the world’s greatest steel producer at 
present, suffers under the disadvantage of greater cost of operation than the 
Bessemér converter, due chiefly to costs for fuel, labor and repairs. Con- 
stant experiments are being made at steel works to reduce these expenses, 
and the important modifications in design and practice that have resulted 
are discussed in this paper, together with some reference to the attempts 
to make low-carbon steel of high quality in the open hearth furnace, and 
brief notes on the Duplex process.] 


THE operation of the open hearth furnace (see Fig. 1) is 
too well known to you to require any description, and I wish 
to confine my attention to-night to recent innovations in furnace 
design or operation which have fought their way to notice and 
maintained a position after the test of practical experience. 

Fuel.—Producer gas is still the most important fuel used, 
because it gives more heat units for a dollar than any other 
manufactured fuel, and it is even increasing over natural gas 
owing to the diminishing supply of that product in the Pittsburgh 
district. With coal at two dollars per ton and natural gas at 
ten cents per thousand cu. ft. the cost as open hearth fuel is 
approximately the same for the natural and the manufactured 
product, provided the gas producer plant is large enough to be 
operated at economical figures. One advantage of natural gas 
in this comparison is its high calorific power per cu. ft. which 
enables it to be used without passing through any regenerative 
chamber. 

In England and Europe, where they are more progressive in 
some departments of the steel industry, or, better say, where they 
are progressive at an earlier period of development of some 
improvements in the industry, the use of spare gas from by- 
product coke ovens is established in open hearth practice, but 
some American manufacturers believe that this particular form 
of progressiveness is still a little premature. Coke oven gas is 
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so rich as not to require regeneration, and is obtained as a 
by-product at a low cost. 

Fuel oil costs initially more than the equivalent amount of 
coal, but can be transported much cheaper. Therefore, its use 
depends chiefly upon location. About 40 gallons of oil will do 
the work of producer gas from 500 lbs. of coal, or else of 
6000 cu. ft. of natural gas,’and will cost nearly twice as much 
in Pittsburgh at present prices. Oil requires no regeneration, 
gives a more oxidising flame which can be controlled easier 
than gas, is not so damaging to the roof of a furnace, but more 
so to the walls. Heats can be brought out slightly quicker with 
oil fuel, but the steel is more liable to be unsound unless great 
care is employed. 

Water gas, Mond gas and similar fuels of higher grade than 
producer gas, have been used to some extent abroad, but Ameri- 
can practice seems to indicate that greater economy is obtained 
from the poorer fuel and simpler process of manufacture. 

Furnace Repairs ——The rebuilding and repairs of a furnace 
cost in a year about the same as the total fuel used, depending 
to some extent, of course, upon how location affects the relative 
prices of coal, refractory materials and labor. Also these 
renewals per year are not very far from the initial cost of 
furnace proper and chambers. Their magnitude, as can readily 
be seen, therefore warrants the expenditure of both time and 
money upon careful furnace design, and every year sees some 
improvements in this respect. Within a few years the number of 
heats that a basic furnace would make before it became necessary 
to cool it down for repairs has increased by from 50 to 100 
per cent., and at the same time repairs between heats has 
decreased slightly. 

The necessity for repairs arises from four causes: (1) the 
corrosive action of metal and slag upon hearth and brick-work; 
(2) the softening and melting of the brick-work by heat; (3) 
cracking of the brick-work by expansion and contraction with the 
heat; and (4) choking of: the spaces between bricks in the 
regenerative chambers by soot, or by dirt and slag thrown over 
from the hearth. The relative importance among these of the 
corrosive action of the slag is illustrated by the circumstance 
that the furnace with a basic slag requires to be cooled down for 
repairs nearly three times as often as that with an acid slag. 
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This is due in part directly to the corrosive action of the basic 
slag and in part to the volume of this slag which makes a heavier 
blanket between flame and metal and thus necessitates more heat 
in the furnace, from which the brick-work suffers. From this 
it must not be inferred that the cost of rebuilding and repairs 
in the basic furnace is quite three times, or even twice, that in 
the acid furnace, because, although the life of the basic furnace 
is shorter, the extent of rebuilding in the acid furnace is much 
greater when it does become necessary. 
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Siemens open-hearth furnace. 


The destruction of brick-work by corrosion and melting has 
been lessened by several recent devices, following the early ones 
of supporting the roof substantially on I-beams and air-cooling 
the hearth by leaving it open as much as possible outside. In 
the latter respect the Europeans have gone further than we have 
as regards the brick-work near the up-takes, and the up-takes 
themselves and ports, as shown by a comparison of Figs. 2 and 
3, but American practice now places an air-cooled cast block at 
the corner of the hearth-pan next the ends, which is effective in 
protecting this location. A layer of chrome ore on the floor of 
the ports and, in basic practice especially, other exposed places 
where slag is liable to lodge and corrode is a frequent safeguard. 
Ports are sometimes designed (see Fig. 3) so that the relatively 
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fragile wall between them is exposed to both of the outgoing 
currents of gases for only a part of its length, and thus will 
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retain almost indefinitely enough length to give direction to the 
incoming gas and air when their current is from that side. Still 
more recently, the port and bulkhead have been water-cooled by 
patented devices, and this practice is said to have doubled the 
life of basic furnaces in some cases. Most new furnaces are 
built with a shallow dip of the air port, in order to maintain as 
long as possible the current of cool air flowing along under the 
roof bricks. 
Fic. 3. 
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Another imporfant innovation, increasing not only the life of 
the furnace, but also its fuel economy, is lengthening the labora- 
tory, with corresponding increase in the capacity of the furnace, 
so that now we hear of 100-ton furnaces and Talbot furnaces of 
even 225 tons capacity. This gives better opportunity for com- 
plete combustion and brings the gases against the brick-work at 
the outgoing end of the furnace at a lower temperature. 

The cracking of the brick-work of the furnace body may be 
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materially lessened by careful attention to the adjustment of 
tension on the structural tie-roads by the turnbuckles now always 
provided for that purpose, and is also met with less frequently 
since the practice of building the regenerative chambers under- 
neath the hearth (these serving as a support) has been almost 
entirely abandoned. This departure likewise decreases the 
cracking of the chambers themselves, and we hear less often of 
furnace campaigns ending because of a leak between gas and air 
regenerators. Placing the chambers farther away makes the 
furnace work a little more sluggishly, and the construction shown 
in Fig. 2,* which has been adopted at a few plants in Europe, 
makes it possible to avoid this objection. If this design were 
changed slightly so that the hearth would be supported entirely 
independently of the chambers, and the roof of the chambers 
given a pitch towards the back of the furnace so that the flood of 
metal which would occur in case of a break-out would be de- 
flected, we should avoid the objections ordinarily met with by 
placing regenerators under the hearth, and would gain in quick- 
ness and compactness and escape the danger of a leak between 
gas and air regenerators. 

The choking of the spaces between the bricks in the regener- 
ative chambers is lessened by increasing the volume of the slag- 
pockets as well as that of the chambers. In modern 50-ton 
furnaces it is very common for the volume actually occupied by 
the checkerwork to be .as much as 1900 cu. ft. for each gas 
chamber, and 2600 cu. ft. for each air chamber, while its vertical 
height will be as much as 18 to 20 ft. Perhaps more considera- 
tion has been paid to these dimensions in European practice than 
in America, except within a few years. 

Soft Steel—There yet remains an important field for devel- 
opment in the production of low-carbon steel for wire, pipe, 
rivets, bolts, cold-rolled stock, blacksmith iron, etc., by the open 
hearth process. Each year there are more furnaces engaged in 
this class of work, but the steel, so far at least as all I have 
examined, is charged with oxide of iron. The process of manu- 
facture is usually to melt a charge consisting chiefly of steel 
scrap, the small proportion of metalloids in which is oxidised out 
during melting; or else to maintain an oxidising slag up to the 


*From “Album of Drawings Relating to the Manufacture of Open 
Hearth Steel,” by A. Pavloff, St. Petersburg, 1908. 
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moment of tapping. The wild steel resulting from both of these 
methods is passable only when the carbon, phosphorus and 
sulphur are very low, and when the consequent blowholes are 
effectively welded up during rolling. The success obtained by 
manufacturers in this class of product is an evidence of the con- 
stant care and skill exercised, but there is still much reluctance 
to entering very far into this class of manufacture with the open 
hearth furnace. 

Duplex Process—Probably the one development in steel 
manufacture that is attracting the most attention at the present 
time in America is the increasing use of the Duplex process in 
large steel plants. The slowness of the open hearth operation 
and the rising price of suitable melting scrap combine to enhance 
the value of a method which will improve the former and avoid 
the latter. There is still much variation in the details of this 
combination of the Bessemer and open hearth processes so as to 
obtain the quickest and best results, even in the same plant at 
different times, and it will probably be some years before a 
standard of practice will become established, while the mechanical 
details of handling the molten metal and transporting it from 
blast furnace to Bessemer converter and open hearth, and from 
converter to open hearth, either with or without the intervention 
of one or two 500-ton or 750-ton reservoirs, are being improved 
yearly. To-day we find some plants using together in the open 
hearth furnaces both liquid pig iron and liquid blown metal from 
the converters, while others will use blowr metal only. Some 
plants are using alternately each type of combination, until 
experience proves which is better. Where blown metal is used 
alone it is customary not to reduce the carbon in the average 
charge for any open hearth furnace below 1 per cent., and this 
carbon is oxidised in the hearth, together with the phosphorus 
and part of the sulphur. Even when the blown metal is mixed 
with liquid pig iron it is not always blown dead. At present the 
Duplex process is not only practiced with the ordinary open 
hearth operation, but in Talbot furnaces as well, and promises to 
give material success. 
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NAVIGATING THE AIR. 


BY 


AUGUSTUS POST, 
Secretary, Aero Club of America. 


RésuMé or THE PopuLar Scrence Lecrure DELIvERED AT WITHERSPOON 
Haut, Fripay Evenrnc, OcToBer 15, 1909. 


The lecture was prefaced with a brief introductory address by President 
Clark. The speaker pointed out that aerial navigation had been developed 
by the evolution of the three distinct classes of apparatus—balloons, dirigibles, 
and aeroplanes; and presented the subject in the following order: 

Balloons.—Successful navigation of the air may be fairly said to have 
its first impetus with the experiments of the Montgolfier brothers. Their 
crude experiments on the ascentional power of “smoke” and “steam” 
finally led to the use of heated air as a means of securing buoyancy. 
Shortly after this, through the investigations of the brilliant physicist 
Charles, hydrogen was found more suitable and balloons, even at that early 
date, barring advances in construction and other technical details, differed 
little from those used at present. 

At that time there existed many technical difficulties in the manufacture 
of the gas which have been overcome in modern generators. Among the 
improvements in modern gas plants may be mentioned a steel cylinder for 
convenient transportation of gas at high pressure to the field of operation. 

The principal requirements in balloon construction are—envelope must 
be gas tight and water-proof, the netting must properly fit the envelope, 
and the car must be suspended in a certain position dxed by the shape and 
dimensions of the gas bag. 

Among the methods of control may be named the gas valve at the top 
of the envelope for controlling the escape of gas from the car, the ballast, 
the drag rope and the anchor, all of these seemingly crude methods of con- 
trol permit navigating a balloon, by taking advantage of air currents at 
different elevations, with a degree of precision surprising to the uninitiated. 

An equipment of instruments to aid navigation is provided, such as the 
compass, the recording barometer, and the anemometer.. Among these there 
is one peculiar to ballooning known as the “ stotoscope” which utilizes the 
change of barometric pressure, due to a change of elevation, to indicate 
by the motion of a delicate diaphragm whether the movement is one of descent 
or ascent. 

Dirigibles—Although attempts to construct balloons propelled by me- 
chanical means were made over fifty years ago, it is only within compara- 
tively recent years—since the advent of the liquid-fuel internal-combusion 
motor—that such efforts have met with practical success. The envelopes 
are invariably elongated in a horizontal direction, to present as small a cross- 
sectional area as possible in the direction of motion. The best known and 
most successful of these are those built by Lebaudy Parseval, de la Vaulx, 
and Zeppelin. With the exception of the last these all have a flexible 
envelope like a balloon. Zeppelin differs from the others in having a rigid 
envelope and is a most interesting achievement in extremely light con- 
struction. 

Dirigibles are without exception, exceedingly susceptible to injury 
on account of their large volume and extreme lightness when anchored, by 
any sudden gust, or, other inclemencies of weather, and in order to protect 
them they are stored, when not in use, in air-ship houses. These are large 


477 


a 
= 
{ 
q 
a 
= : 


478 Notes AND COMMENTS. 


frame structures capable of swinging about a pivot in order that the opening 
may be made to face various points of the compass according to the direction 
of the wind. 

Aeroplanes.—Ascentional power in aeroplane apparatus is secured en- 
tirely by the application of mechanical power; the vehicle itself, though 
light, being quite devoid of buoyancy in air. The principle utilized is that 
when a plane, or a slightly curved surface, is driven through the air in a 
direction having small inclination to the direction of motion, the component 
of air pressure perpendicular to its direction of motion is far greater than 
that required to drive it. Much theoretical investigation and many experi- 
ments have been made to determine the more effective size, shape, and 
arrangement of an aeroplane to obtain a maximum liit. Notable among 
the modern experimenters in this field may be particularly named Maxim, 
Langley, and Lilienthal. The methods of the latter are said to have been 
followed by the Wrights, the early trials of which culminated in their undis- 
puted preéminence. Their successful efforts have been quickly followed by 
equally. remarkable flights by Farnum, Curtis, Bleriot and others. Aeroplane 
production is now an established industry in Europe and equipment and 
motive power peculiar to this type of vehicle may now be purchased, which, 
in refinement and adaptability, is a delight to the mechanical instinct. 


(Mr. Post elaborated extensively upon all the topics mentioned in this 
résumé and illustrated the subject by a large number of lantern slides and 
moving pictures depicting in a most striking manner the appearance of 
dirigibles and aeroplanes in operation.] 


TITANIUM. 
USES OF A RARE METAL. 


The use for titanium which gives promise of greatest expansion is in 
steel and cast iron. In steel it is ordinarily added in the form of ferrotitanium 
(containing preferably from 10 to 20 per cent. of titanium) in quantity 
sufficient to form about 0.1 per cent. of the steel. Rails treated with titanium 
and laid in places on railroads where the wear was especially hard are 
said to have shown much less wear than untreated rails. Gray cast iron also 
is said to have shown beneficial effects from such treatment. Cuprotitanium 
is also manufactured for use in bronze and other castings containing copper. 
The titanium acts as a deoxidizer, much like phosphor-tin, and makes very 
tough castings. Another use of titanium which promises to assume con- 
siderable proportions is the manufacture of electrodes for arc lights. 

Titanium ore in the form of rutile, which is titanium dioxide, has been 
mined in Nelson County, Virginia, where a plant has been erected to extract 
the metal from the ore. Titaniferous iron ores are mined in New York, 
Minnesota, and Wyoming. 

A report on the production of titanium and other rare metals in 1908, 
prepared by Frank L. Hess, has just been issued by the United States 
Geological Survey. 
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(Proceedings of the stated meeting held Wednesday, November 17, 1909.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 17, 1909. 


President WaALTon CLARK in the Chair. 


Addition to membership since last report, 5. 

The following members were elected to the Committee on Science and 
the Arts to fill unexpired vacancies: To serve one year and two months— 
Carl L. E. Schwartz; to serve two years and two months—Dr. Henry Leff- 
mann, and Dr. Robert H. Bradbury. 

The paper of the evening was read by Dr. Leo H. Baekeland of Yonk- 
ers, New York, on “ Bakelite and its Applications.” 

Bakelite is a liquid compound, having as a base, phenol and formalde- 
hyde, which on solidification resembles amber in appearance and when used 
in combination with wood, paper, asbestos, graphite, and other substances, 
produces a solid, non-resistent, non-inflammable insulating material which 
will have many applications in the various manufactures. The subject was 
illustrated by experiments and specimens of the product. 

At the close of the meeting it was moved and seconded that the subject 
be referred to the Committee on Science and the Arts for investigation and 
report. After a brief discussion the thanks of the meeting were extended 
to the speaker for his interesting address. Adjourned. 

James Curisty, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract from proceedings of the stated meeting held -Wednesday, Novem- 
ber 3, 1909.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 3, 1909. 


Mr. J. Y. McConne.t in the Chair. 


The following reports were presented for final action: 

(No. 2432.) Color Photography—Auguste and Louis Lumiere. 
Adopted, Elliott Cresson Award.) ; 

(No. 2457.) Telelectric Piano Player—John F. Kelly, Timothy B. 
Powers, and Major R. Jewell. (Adopted, John Scott Award.) . 
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BOOK NOTICES 


BIBLIOGRAPHY OF THE CoTtoN MaNurFracturRE. By C. J. H. Woodbury, A.M., 
Sc.D. Consulting Engineer. Secretary of the National Association of 
Cotton Manufacturers, Boston, Mass. 213 pages, frontispiece, 8vo. 
Waltham, Mass, E. L. Barry, 1909. 


The volume contains over 5000 references to the literature of cotton 
manufacture and related subjects. 

Works in many languages are included—we note titles in English, 
German, French, Spanish, Italian and Norwegian. 

Ten pages are devoted to an extensive list of periodicals, directories 
and dictionaries. 

It is surprising to learn that so much has been written on the subject— 
there are 820 entries under the heading Cotton Manufacture, and 874 titles 
in the division Finishing. 

Librarians and persons interested in textile matters will find the book 
useful for reference. R. 


Mesures ELectRIQUES—ETALONS ET INSTRUMENTS, EssAIs ME£CANIQUES, 
PHOTOM ECANIQUES, MAGNETIQUES ET ELECTRIQUES—APPLICATIONS AUX 
LicNes, GENERATEURS, MoTEURS ET TRANSFORMATEURS. Lecons données 
a l'Institut Electrotechnique Montefiore par Eric Gerard, Directeur de 
cet Institut, Ingénieur principal de télégraphes, Professeur a |’Université 
de Liége. Third edition, ix + 702 pages, 9x6 inches with 304 figures. 
Price, paper covers, 12 francs. Gauthier-Villars, Paris, 1908. 


The extensive field covered by this treatise as indicated in the title, 
“ Methods of Procedure Evolved from Theoretical and Practical Considera- 
tions,” and the description in detail of apparatus, make it not only efficient 
reference work for the experimenter but also a valuable text for the system- 
atic study of the subject. 

The work, now in its third edition, has been thoroughly revised to 
keep pace with the present- -day rapid progress and refinement of electrical 
science. Professor Gerard’s “ Lecons sur I’Electricité” is widely known among 
English-speaking electrical engineers to which this more recent work by its 
eminent author constitutes a worthy sequel. j Sy 


CANADA, DEPARTMENT OF Mines, Mines Brancnu. Report on the Chrome 
Iron Ore Deposits in the Eastern Townships, Province of Quebec. By 
Franz Cirkel, M.E. 141 pages, illustrations, plates, 8vo. Ottawa, Gov- 
ernment Printing Office, 1909. 


In the last few years, owing to the rapid development of the iron and 
steel industry in Canada, more than ordinary interest has been manifested 
by the mining and metallurgical public in respect to the Canadian deposits 
of raw materials and ores, which enter into the manufacture of iron and 
steel products. To meet the demand for information on these subjects, the 
Mines Branch has undertaken to issue a series of reports on the Canadian 
deposits of the substances which form the basis of the iron and steel industry. 
Several reports on iron ores and one on tungsten ores have already been 
issued and the present report is another of this series. 

The scope of the report on the chrome iron ore deposits is best judged 
by quoting the Table of Contents, which is as follows: 

“Introduction; Chapter I, Historical; Chapter II, The Chrome Iron 


480 


the 
the 
val: 
ele! 
whi 
gla 
pro 
eac 
cou 


voli 


Or 
IV. 
Ca: 
ca 
Or 
Ch: 
of 
3 wa: 
ing 
of 
anc 
Ea: 
q Ta 
wh 
as 
of 
wo 
tun 
q fou 
ing 
boc 
tati 
|_| 


Boox Norices. 481 


Ore Deposits of Canada; Chapter III, Mining of Chrome Iron Ore; Chapter 
IV, Dressing for the Market; Chapter V, Market Prices, and Status of the 
Canadian Industry; Chapter VI, Chrome Iron Ore Mines—Prospects in 
Canada; Chapter VII, Chrome Iron Ores in Foreign Countries; Chapter VIII, 
Origin; Chapter IX, Composition of Chrome Iron Ores; Chapter X, 
Statistics and Chronology; Chapter XI, Determination of the Value of 
Chromium; Chapter XII, Uses of Chromium; Chapter XIII, Technology 
of Chromium and its Compounds; Appendix II, Experiments with Chromite 
at McGill University; Bibliography.” 

The report is well illustrated by plates in half-tone, and diagrams, maps 
and drawings. The author of the report, Mr. Fritz Cirkel, Mining Engineer, 
was entrusted with the work on account of his long connection, as consult- 
ing engineer, with the chromite and the asbestos industries. The deposits 
of these two substances in the province of Quebec occur in the same region, 
and the origin of both is closely connected with the serpentine rocks of the 
Eastern Townships. R. 


TapLes AND OTHER DATA For ENGINEERS AND Business MeN. Compiled 
by Chas. E. Ferris, B.S., Professor of Mechanical Engineering, Univer- 
sity of Tennessee. Published by the University Press, Knoxville, Tenn. 
Thirteenth edition, 165 pages, 3x6 inches, leather. Price fifty cents. 


The avowed object in preparing this manual is to secure a medium 
whereby the strongest Bok + arguments in favor of technical education 
as a means of developing our resources may be brought before the minds 
of men who control the affairs of the South. Pursuant of this object, the 
work is prefaced by an account of the organization, the courses, and oppor- 
tunities at the university. The subject matter is similar to that ordinarily 
found in the usual standard reference books devoted to mechanical engineer- 
ing, though necessarily of much less scope, due to its diminutive volume. A 
book of this kind within convenient reach should receive frequent consul- 
tation and prove an efficient vehicle in promoting and extending the work 
of the university. L.E.P. 


ELEMENTARY ELectricaAL CALCULATIONS: A manual of simple engineering 
mathematics, covering the whole field of direct-current calculations, the 
basis of alternating-current mathematics, networks and typical cases of 
circuits, with appendices on special subjects. By T. O’Conner Sloane, 
A.M., E.M., Ph.D. x + 304 pages, 5 x 8 inches, cloth. D. Van Nostrand 
Company, New York. Price, $2.00 net. : 


The scope of this book is described in the title. This purpose stated by 
the author is to give in simple form what may be termed a foundation for 
the study of electrical calculations. It will probably find its greatest 
value, first, among beginners who have a reasonable working knowledge of 
elementary mathematics and, again, among a large class of engineers, 
who, exclusively devoted to practice along other lines of industry, will be 
glad to have at hand a book in which the process of solution of an electrical 
problem may be quickly found. The book is well arranged for systematic 
study and contains a generous number of classified problems at the end of 
each chapter. It should appeal to all who require a thoroughly practical 
course in elementary electric calculations: DEP. 
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November issue, page 397. La Théorie des Courants Alternatifs ; for 
volume II read volume I. 
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POPULAR SCIENCE LECTURES. 


The JourNAL desires to call the attention of its readers to the Course 
of Popular Lectures being given this winter at Witherspoon Hall, Walnut 
~ Juniper Streets, Philadelphia, under the auspices of the Franklin 

nstitute. 

The first lecture on October 15, was by Mr. Augustus Post, Secretary 
of the Aero Club of America. His subject was entitled “ Navigating the 
Air.” An audience of upwards of 1000 people listened to this interesting 
lecture which was illustrated with lantern slides showing the various types 
of Air-ships in motion, as well as descriptive slides of the Aviation Meeting 
held last summer at Rheims, together with other lantern projections of 
the most important parts of flying machines. 

On Friday, November 12, the second lecture of the Course was given 
by Mr. Paul F. Bauder, of Cleveland, Ohio. Mr. Bauder is identified with 
the National Electric Lamp Association and well qualified to speak on the 
subject matter of his lecture, “The Quality of Light.” The lecture was 
profusely illustrated by colored lantern slides and other pictures descriptive 
of his subject. . 

The next lecture will be on Friday evening, December 10, and the sub- 
ject chosen is entitled “ Perils of Peace, or a Safer America.” The lecturer 
is Dr. W. H. Tolman, Director of the Museum of Safety and Sanitation, 
and one of the Delegates to the International Medical Congress held last 
summer at Buda-Pesth, where he presented a paper on the scope and object 
of his Museum which received the strong endorsement of the Congress. 
In this country he has the support and encouragement of such well-known 
men as Elbert H. Gary, Richard Watson Gilder, Philip T. Dodge, Thomas 
Darlington, and many other equally prominent and well-known gentlemen. 

On the evening of Friday, January 28, 1910, Mr. Logan W. Page, Director 
of the Office of Public Roads, Washington, D. C., will give an interesting 
address on “ Road Administration and Maintenance.” The speaker, who is 
thoroughly conversant with the details of highway construction and main- 
tenance, will describe the work which is being carried on at home and abroad 
in this timely branch of engineering. 

Dr. Robert H. Bradbury of the Southern Manual Training High School 
of Philadelphia will speak on Friday, February 11, 1910, on the “ Recent 
Methods for the Production of Light.’ During the course of the lecture 
the recent illuminants—the Welsbach light, tantalum, tungsten, and Nernst 
lamps, the Macfarlan Moore vacuum tube, the Cooper-Hewitt lamp and the 
flaming arc—will be shown in operation. 

The closing lecture of the season will be held on Monday, March 14, 
1910. On this occasion Messrs. W. N. Jennings. and Charles K. Stokes will 
describe their most recent journey and will show a series of new photographs. 
Mr. Jennings has taken part in the Popular Science Courses for many years 
and is known to all the members of the Institute. 

It is the earnest desire of the Committee on Instruction that the mem- 
bers and friends of the Franklin Institute will use their endeavors to give 
these lectures a large attendance. The subjects are all attracting much 
attention just at present throughout the entire country and the qualifications 
and standing of the speakers should insure well-filled houses. Members 
of the Franklin Institute should avail themselves of the privilege of their 
membership-cards and attend these lectures. They will all be illustrated with 
lantern slides, and Witherspoon Hall, in which they will be given, is most 
attractive and comfortable. Tickets can be had by applying at the Institute. 

Tue Eprrors. 


482 4 


PRESS OF 
J. B. LIPPINCOTT COMPANY 
PHILADELPHIA 


Ae 

Au 

Ba 

Ba 

Ba 

Br 

Bo 

I 

I 

I 

( 

( 

I 

I 


Aerial navigation (Post), 477 
Automobiles, gasoline, electric 
(Entz), 57 


Batcu, Epwin S.: Develop the Sub- 
marine! 108 


INDEX TO VOL. CLXVIII. 


Balloon, dirigible, with gyroscope 


control (Thayer), 19 

Baltimore, Power-house economics 
in (Foster), 315 

BIRKINBINE, JOHN: The Mixteca 
country in the State of Oaxaca, 
Mexico, 200 

NOTICES: 


Barr, J. R.: Principles of direct | 
current electrical engineering, 81 _ 


Boyer, J.: La synthése des pierres 
précieuses, 313 
Brunswick & Aliamet: Construc- 


tinu, 81 
Canada, Department of Mines: 
Investigation of the peat bogs 
and peat industry of Canada, 312 
Canada, Department of Mines: 
Report on the chrome iron ore 
deposits, 480 


Russell, A.: La_ théorie 
courants alternatifs, 397 
Sidersky, D réfractométrie 

et ses pratiques, 397 
Sloane, O’C.: Elementary 
electrical calculations, 481 
Soliman, G.: Etirage, tréfilage, 
dressage des produits métallur- 
giques, 81 
Tower, O. F.: A _ course in 
qualitative chemical analysis of 
inorganic substances, 153 
Woodbury, C. J. H.: Bibliography 
of cotton manufacture, 480 
Brapspury, Ropert H.: Recent prog- 
ress in the chemistry of the 
proteins, 85 
Building operations in 1908, 130 


des 


| Carter, Oscar C. S.: The interior 
tion des induits a courant con- | 


of the earth in the light of the 
new seismology (correspond- 
ence), 303 


| Coal, Effects of oxygen on, 335 
Coal, run-of-mine and _briquetted, 


Canada, Department of Mines Re- — 


port on iron ore deposits of 
Nova Scotia, 312 


Chaplet A.: Les succédanés de la 


soie, 82 
Chatelain, E.: Soudure autogéne 
et aluminothermie, 398 


Ferris, C. E.: Tables and other | 


data for engineers, 481 __ 
Gerard, E.: Mesures electriques, 


480 

Gerhard, Wm. P.: Sanitation and 
sanitary engineering, 153 

Granderye, L Determination 
des roches, 153 

Haenig, A.: Die steinkohle, 398 

Heess, J. K: Practical methods 
for the iron and steel works 
chemist, 313 

Houghton, C. E.: The elements 
of mechanics of materials, 398 

Pontio, M.: Analyse du caoutchouc 
et de la gutta-percha, 397 


on locomotives, 218 

Compass, card, reduced diameter, 
300 

CoRRESPONDENCE: 

Earthquakes in the light of the 
new seismology (Hixon), 227 
The interior of the earth in the 
lighte of the new _ seismology 

(Carter), 303 


Earth, interior of the, in the light 
of the new seismology (Carter), 


303 

Earthquakes in the light of the new 
seismology (Hixon), 227 

Electric furnaces in Germany, 104 

E._y, Owen: Newton’s law and the 
cause of gravitation, 121 

Entz, Justus B.: Gasoline electric 
automobiles, 57 

Eucalyptus poles; Government 
studies method of seasoning, 226 


Fats and oils, A critical study of 
the natural changes occurring in 
(Hepburn), 365, 421 


483 


| 
‘ 
| 
{ 
I 
aq 
{ 
q 
| 
3 
J 
| q 
‘a 
qq 
| 


484 INDEX TO VOL. CLXVIII. 


Forestry, Some problems in (Seely), 
I 


Foster, Horatio A.: Power-house 
economics in Baltimore, 315 
FRANKLIN INSTITUTE: 

Committee on science and the arts: 
Abstract of proceedings of the 
stated meeting, June 2, 1909, 80; 
September 1, 1909, 311; October 
6, 1909, 396; November 3, 1909, 
479 

Committee on science and the arts: 
Gayley dry air blast, 67 

Committee on science and the arts: 
Vernaz milling files, 219 

Popular science lectures, 482 

Proceedings of the stated meeting, 
June 16, 1909, 81; September 15, 
1909, 311; October 20, 1909, 396; 
November 17, 1909, 479 

Frazer, Persiror: Obituary notice, 


75 

Futweitern, W. H.: The develop- 
ment of modern road surfaces, 
155; 260 


Gayley dry air blast (Franklin In- 
stitute report), 67 

Gravitation, Newton’s law and the 
cause of (Ely), 121 


Hardwoods, eastern, growing, in 
California, 39 

HeEpsurn, JosepH SAMUEL: A critical 
study of the natural changes 
occurring in fats and oils, 365, 
421 

Hrxon, Hrram W.: Earthquakes in 
the light of the new seismology 
(correspondence), 227 


Impact, The theory of, and its ap- 
plications (Tiemann), 235, 336 
India’s mica industry, 39 


bridge), 457 


Knupsen, A. A.: The corrosion of 
metals underground by electroly- 
sis, 132 


Lanpis, Epwarp H.: Some of the 
laws concerning voltaic cells, 


399 
Lithographic stone industry, 301 
Log rules, Maine commission re- 
ports, 216 


McAuuster, A. S.: Improvement 
of power-factor and commuta- 
tion conditions in single-phase 
series motors, 40 

Maine, Peat deposits of, 199 

Metals, Conservation of the, 185 

Metals, Corrosion of, underground 
by electrolysis (Knudsen), 132 

Mixteca country in the state of 
Oaxaca, Mexico (Birkinbine), 


200 
| Motors, Single-phase series, Im- 


provement of power-factor and 
commutation conditions in 
(McAllister), 


| Naval stores industry, Government 


studies, 106 

Naval stores production in 1908 and 
1907, reported, 217 

Navigating the air (Post), 477 

Newfoundland, Mineral wealth oi 
(Outerbridge), 457 


| Newton’s law and the cause of gravi- 


tation (Ely), 121 


Obituary notice, Persifor Frazer, 75 
Ourersrince, A. E., The min- 
eral wealth of the islands of 
Newfoundland and Jamaica, 457 


Panama canal, Present aspects of 
the, from ‘the point o1 
view (Tatham), 1 

Peat as fuel, 197 

der cae district, geology of the, 
I 

Pig iron, Value of production of 
in 1908, 420 


Pines, Southern, The effect of box- 


ing or bleeding, 79 

Post, Aucustus: Navigating the air, 
477 

Power-house economics Balti- 
more (Foster), 315 


Jamaica, Mineral wealth of (Outer- | Proteins, Recent progress in the 


of the (Bradbury), 


5 
Publications received, 83, 314 


Rice, Cartes D.: Evolution in de- 
sign, manufacture and uses of 
typewriting machines, 385 

Road surfaces, modern, The develop- 
ment of (Fulweiler), 155, 260 

Roadways, Rubber asphalt, 129 


Scrub pine furnishes wood pulp 
material, 184 


T 
T 
T 
T 
| 


INDEX TO VOL. CLXvIII. 485 


See_y, Leste B.: Some problems 
in forestry, I 

Slate, Production of, in 1908, 198 

Smoke nuisance, The, 120 


Southern appalachian region, Ores 


and minerals of the, 115 


STOUGHTON, BRADLEY: recent prog- | 
ress in open hearth steel prac- | 


tice, 470 + 
Steel, open hearth practice, Recent 
progress in (Stoughton), 470 


Submarine, Develop the (Balch), | 


108 


TarHaM, The present | 
aspects of the Panama canal | 
from the tourist’s point of | 


view, 186 


THAYER, Russett, The dirigible | 


balloon with gyroscope control, 
19 


TIEMANN, Harry D.: The theory of 


impact and its applications, 235, | 


33 
Timber seasoning and wood preser- | 


vation, 215 


VoL. CLXVIII. No. 1008—36 


Titanium, 478 

Tracy, MartHa: Analysis of some 
Fairmount Park waters, 116 

Typewriting machines, evolution in 
design, manufacture and uses of 
(Rice), 385. 


Vernaz milling files (Franklin In- 
stitute report), 219 

Voltaic cells, Some of the laws con- 
cerning (Landis), 399 


Waters, Fairmount Park, Analysis of 
some (Tracy), 116 

Wood preservation, Timber seasoning 
and, 215 

Wood preservatives, Bark effects, 
penetration of, 3905 

Wood preservatives, Increase in use 
of, indicates progress in forest 
conservation, 107 

Wood preservatives used in 1908, 
119 


— 


4 
| 
q 
ad 
iq 
q 
bd 


S 
(( 
cl 
T 
d 
a 
a 
cl 
Ce 
W 
TT 
h 
u 

L 


SECTION OF PHYSICS AND CHEMISTRY 


(Stated Meeting held Thursday, June 10, 1909.) 


A CRITICAL STUDY OF THE NATURAL CHANGES. 
OCCURRING IN FATS AND OILS.* 


A. M., Central High School of Philadelphia, M.S.; University of Pennsylvania. 


(Contribution from the Food Research Laboratory, Bureau of Chemistry,. 
United States Department of Agriculture.) 


BY 
JOSEPH SAMUEL HEPBURN. 


Upon exposure to the forces of Nature, fats and oils undergo- 
changes in their physical, chemical, and organoleptic properties. 
The color is frequently altered and the odor and taste become 
disagreeable. Not only the physical constants like melting point 
and density, but also the chemical constants, e.g., acid value, 
and iodine, saponification, Hehner and Reichert-Meiss! numbers, 
change. The changes in the chemical constants, which, in the 
case of each sample of fat or oil, depend upon the particular forces 
which have been at work upon that sample, prove that the chemi- 
cal composition of the fat has altered. 

Fats and oils, in which these changes have occurred, were for- 
merly termed rancid ; however, during recent years the distinction 
has been made between acid fats and oils, rancid fats and oils, 
and fats and oils both acid and rancid. The agents which act 
upon fats and oils include organisms, their enzymes, tissue 
enzymes, natural and artificial light, heat, and the gases 
of the atmosphere. It is the purpose of this paper to 
review the various researches which have been made concerning 
the natural changes in fats, and to give a résumé of the views 
of different investigators with respect to the causes of these 
changes. With that end in view, there will be discussed in order 
the influences of the following agents: 


* Presented at the Seventh International Congress of Applied Chemistry, 
London, 1900. 
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Organisms and the enzymes secreted by them. 
Tissue enzymes. 

Gases of the atmosphere. 

Light. 

Heat and cold. 

Rancidity and acidity. 


THE ACTION OF ORGANISMS AND THEIR ENZYMES UPON 
FATS AND OILS. 


Certain bacteria, moulds and yeasts, have power to decompose 
fats and oils, provided sufficient nutriment—which almost invari- 
ably implies nitrogenous material—be present. The nature of 
the decomposition depends upon the organism or organisms which 
are at work. Many of these organisms secrete lipolytic enzymes 
which attack the glycerides ; others act directly. 

Virchow ' states that aged genuine butters possess a fairly 
low Reichert-Meiss] number and a high, frequently an exceed- 
ingly high, acidity. He ascribes the high acidity to a decomposi- 
tion of the butter-fat, especially the glycerides of the volatile 
fatty acids, produced by lower organisms. The decrease in the 
Reichert-Meissl number is explained by volatilization or further 
decomposition of the free lower fatty acids. These butters 
always had a very strong butter-odor; and, when decomposition 
was far advanced, the characteristic odor of Roquefort cheese 
often developed. Old spurious butters usually have a very low 
acidity, and their acidity never becomes as high as that of old 
true butters. 

Kirchner ? examined a number of samples of poppy oil and 
of the sesame oil, which in spite of most careful handling had 
become cloudy some time after the pressing. As a rule the 
cloudiness was produced by characteristic sickle-shaped bacteria, 
which were pointed at both ends. Kirchner also describes a 
fungus which he named Eleomyces olei. It grows in freshly 
pressed poppy oil, which offers it the necessary nourishment. 
The fungus decomposes the oil; its cells are surrounded by a 
stratum of liquid—a decomposition-product of certain constit- 
uents of the oil—of refractive power differing from that of the 
oil. Needle-like crystals, probably of an oil acid, occasionally 
are found between the cells. Gas bubbles are also produced. 
The fungus draws nitrogenous nourishment from those proteins 
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trying conditions to which railroad service subjects a 
watch, is undoubted evidence of the Hamilton Watch 
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accurate time and a beautiful, Durable watch. 
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THE MOORE & WHITE.CO. 


PHILADELPHIA, PA.,U.S.A. 

Paper-making Machinery 

Friction Clutch Pulleys 
Cut-off Couplings, etc. 


Builders of 


CYRUS- BORGNER COMPANY, S¥°cEssors To 


INDICES 


TO THE SUBJECT-MATTER AND AUTHORS 


THE FRANKLIN JOURNAL 


AND THE 


Journal of the Franklin Institute 
JANUARY, 1826, to DECEMBER, 1885 


PRICE, $5.00 


JANUARY, 1886, to DECEMBER, 1895 


PRICE, $1.50 


JANUARY, 1896, to DECEMBER, 1905 


PRICE, $1.50 
Address 


THE ACTUARY OF THE FRANKLIN INSTITUTE 
15 South Seventh Street Philadelphia, Pa., U. S. A. 
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WILLIAM SELLERS & CO. 


INCORPORATED 
PHILADELPHIA, PA. 


Modern Machine Tools 


TOOL-GRINDING MACHINES 
DRILL-GRINDING MACHINES 


High-Speed Traveling Cranes, 


Swing Cranes, &c. 


BORING AND TURNING MILLS 
DRILLING AND BORING MACHINES 


Improved Injectors for Boilers 


SHAFTS, HANGERS, COUPLINGS, PULLEYS, 
ETC. : FOR TRANSMITTING POWER 
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CONVEYING 
and 


POWER-TRANSMISSION 
MACHINERY 


LINK-BELT COMPANY 


PHILADELPHIA CHICAGO —INDIANAPOLIS 


NEW YORK, 299 Broadway 
PITTSBURGH, 1501-2 Park Bldg. 
ST. LOUIS, Missouri Trust Building 
SEATTLE, 439-440 N. Y. Block 
DENVER, Lindrooth, Shubart & Co. 
NEW ORLEANS, 

Wilmot Machinery Company 


BELMONT IRON WORKS 


STRUCTURAL STEEL WORK 
Designed and Fabricated 


SHOPS: 22nd Street and Washington Avenue, Philadelphia, Pa. 
and Eddystone, Pa. 


Representative American Library Binder 
GILBERT D. EMERSON 


Philadelphia, Pa. 
NORTH ELEVENTH STREET 
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1840 Standard of Excellence 1909 
HENRY TROEMNER’S 
Assay and Analytical 
BALANCES and WEIGHTS 


For All Scientific Uses 


Used by the Government of United 
States, Canada, Mexico, and China 


Price-list on Application 


HENRY TROEMNER 
No. 911 Arch St., slinisioseimuiaies sae U. S. A. 


MACHINES 


We are always prepared to make tests of all kinds 


TINIUS OLSEN & CO. 


J. E. LONERGAN CO. 


Manufacturers of 


OILING DEVICES WHISTLES 
POP SAFETY VALVES and 
STEAM BOILER APPLIANCES IN GENERAL 


211-213-215 Race Street, Philadelphia, Pa. 


OPEN HEARTH 3, 
of every de- 
for 
Machinery, Dredging, Rolling, and 
r Mill Machinery, Locomotive, Railroad 
Bridge Work, etc. ic 
Stee ofa 

McHAF FIE shapes and sizes, from 
1 Ib. up. Superior for 
Crank-shaits, Gearing, and other purposes where 

great wearing results are requi 

owvespondence Solicited 


CHESTER STEEL CASTINGS CO. 
Works, Chester, Pa. Office, 407 Sansom St., Phila., Pa. 
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AN IMPORTANT ANNOUNCEMENT 
JUST PUBLISHED 


MOORE'S STANDARD TREATISE ON 
Sanitary Engineering 


President of the Society of Engineers, London 


NEW THIRD EDITION 


MUCH ENLARGED 


Thoroughly Revised te Date and Part Rewritten 


A FULL AND COMPLETE EPITOME OF THE LATEST PRACTICE 
IN SANITARY ENGINEERING 


Containing 950 pages of text, with 160 tables and 920 illustrations, including 91 
large folding plates. Two volumes, large octavo. Strongly bound in cloth, 
gilt, $14.00 net, per set. 


VoL_umE I.— Sewerage, Hydraulics, Sewer and Drain Ventilation, Sanitary 


Fittings and Apparatus. 


VoLuME II.— Land Drainage, Sanitary Notes, Sewage Disposal, Refuse De- 
structors, Trade Effluents and Sewage Fungus. 


TWO NEW SCIENTIFIC BOOKS 


The Force of the Wind 


By HERBERT CHATLEY, B.Sc. 
Author of “The Problem of Flight.” 

In view of the absence of any work 
dealing with the subject of wind pressure 
in relation to engineering, this little book 
should meet a want that has long been felt 
by engineers. 


Illustrated. 2mo. Cloth, $1.25 net. 


The Manufacture of 
Rubber Goods 


By A. HEIL and DR. W. ESCH 
A practical handbook dealing with the 
principles which apply to the manufacture 
ot all rubber goods. and intended for the 
use of manufacturers, chemists, and others. 


Illustrated. 8vo. Cloth, $3.50 net. 


Send for Free Descriptive Catalogue of Scientific Books 


J. B. LIPPINCOTT COMPANY 


PUBLISHERS 


PHILADELPHIA 


Your courtesy in mentioning the Journal will be a ppreciated 
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Interest Your Boys 


IN THE 


Model Library Series, 25 Cents Each 


MAKING WIRELESS OUTFITS, by Newton Harrison. 61 pages, 27 illustrations. 


Wine Res TELEPHONE CONSTRUCTION, by Newton Harrison. 74 pages, 43 
illustrations. 


ALTERNATING CURRENTS, SIMPLY EXPLAINED, by A. W. Marshall. 82 
pages, 32 illustrations. 


ee COILS, HOW TO MAKE AND USE THEM, by K. Stoye. 76 pages, 

35 illustrations. 

SIMPLE EXPERIMENTS IN STATIC ELECTRICITY, by P. C. Bull. 72 pages: 
51 illustrations, 


DRY BATTERIES AND HOW TO MAKE THEM, by N. H. Schneider. 59 pages, 


30 illustrations. 


THE STUDY OP ELECTRICITY AND ITS LAWS, by N.H. Schneider. 88 pages, 
54 illustrations. 


ELECTRIC BELLS, ANNUNCIATORS, AND ALARMS, by N. H. Schneider. 63 
pages, 59 illustrations. 

MODERN PRIMARY BATTERIES, by N. H. Schneider. 94 pages, 55 illustrations. 

SMALL ACCUMULATORS, AND HOW TO MAKE THEM, by P. Marshall. 80 
pages, 40 illustrations. 

ELECTRIC GAS LIGHTING APPARATUS, by H. S. Norrie. 101 pages, 57 illustrations. 


ELECTRICAL CIRCUITS AND DIAGRAMS, Part 1. Direct Current, by N. H. 
Schneider. 


aS Sere AND DIAGRAMS, Part 2. Alternating Current, by 
r. 


THE MAGNETO TELEPHONE, ITS CONSTRUCTION AND FITTING UP, by N. 
Hughes. 8o pages, 23 illustrations. 


EXPERIMENTING WITH INDUCTION COILS, by H. S. Norrie. 76 pages, 23 


illustrations. 


SMALL ELECTRICAL MEASURING INSTRUMENTS, by P. Marshall. 90 pages, 


59 illustrations. 


THE WIMSHURST MACHINE, HOW TO MAKE AND USE IT, by A. W. Marshall. 
112 pages, 30 illustrations. 


PRACTICAL ELECTRICS—A Universal Handybook on Electrical Matters. 135 
pages, 126 illustrations. 


mane 5 DYNAMOS AND MOTORS, HOW TO MAKE AND USE THEM, by 
. E. Powell. 76 pages, fully illustrated. 


enieaa, ELECTRIC MOTORS, HOW TO MAKE AND USE THEM, by F. E. 
Powell. 75 pages, 48 illustrations. 


WOODWORK JOINTS, HOW TO MAKE AND WHERE TO USE THEM. 101 
pages, 178 illustrations. 


INVENTIONS, HOW TO PROTECT, SELL, AND BUY THEM, by F. B. Wright. 
114 pages, 1 drawing. 

MODEL STEAM ENGINE DESIGN, by R. M. De Vignier. 102 pages, 34 illustrations. 

SIMPLE SCIENTIFIC EXPERIMENTS, by A. De Ratti. 69 pages, 59 illustrations. 


And many other titles. Descriptive circulars free. : 
Can be had from any BOOKSELLER, or from the publishers 


SPON & CHAMBERLAIN 


123-K LIBERTY STREET $ : NEW YORK 


Your courtesy in mentioning the Journal will be appreciated 
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SOUTHWARK FOUNDRY AND 
=== MACHINE COMPANY === 
PHILADELPHIA, PA. 


Porter-Allen and Corliss Steam-Engines 
Weiss Counter-Current Condensers 
Blowing Engines for Blast Furnaces :: Pumping Machinery 


COCHRANE 


Feed Water Heaters & Purifiers, Steam and 
Oil Separators. 


HARRISON SAFETY BOILER WORKS 
3142 St Philadelphia, Pa.. 


The Philadelphia Commercial Museum 


DR. WILLIAM P. WILSON, Director 


Supplies DETAILED, SPECIFIC INFORMATION concerning the TRADE CON- 
DITIONS of the WORLD'S MARKETS. 

It tells WHERE THE MARKETS ARE and by whom supplied. 

Who the RESPONSIBLE BUYERS ARE, and HOW TO REACH THEM. 

It can ascertain FOR YOU the particular REQUIREMENTS of any or all the markets 
in THE LINE OF GOODS YOU MAKE. 

it has inaugurated a most valuable method of REGISTERING AMERICAN BUSI- 
NESS HOUSES IN FOREIGN COUNTRIES by means of Card Index Files placed 
in the CHAMBERS OF COMMERCE in FORTY-FIVE of the PRINCIPAL COM- 
MERCIAL CENTRES OF THE WORLD. 

This is a movement in the Interest of American Commerce with which YOU 
SHOULD BE IDENTIFIED. 


Write for particulars to 


THE PHILADELPHIA COMMERCIAL MUSEUM 


34TH AND VINTAGE AVE. 33 33 $3 PHILADELPHIA 


Your courtesy in mentioning the Journal will be appreciated 
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The 
United Gas Improvement 
Company 


Broad and Arch Streets 2:2 Philadelphia 


LESSEES, OPERATORS, AND BUILDERS 


GAS WORKS 


Largest Builders in the World of 
Carburetted Water-Gas Plants 


Sole American Builders of the 


STANDARD DOUBLE SUPERHEATER 
LOWE WATER-GAS APPARATUS 


+ 


Total sets installed to Dec. 31st, 1908 . . 690 
Total daily capacity to Dec. 31st, 1908 . . 558,565,000 cu. feet 


7 


Tar Extractors for Carburetted Straight Stand Pipe Cleaners 
Water Gas Straight Stand Pipe System for 
Photometrical Apparatus ~ Coal Gas Retorts 
Gas Analysis Apparatus Waste Heat Boiler 
Recording Gauges Hygrometer 
Meters for regulating air and steam supply to water gas apparatus 


Your courtesy in mentioning the Journal will be appreciated 
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FIDELITY TRUST COMPANY 


Nos. 325-331 CHESTNUT ST. Nos. 43-53 SOUTH FOURTH ST. 
Capital, $2,000,000; Surplus Earned, $8,000,000 
Pays Interest on Deposits. Executes Trusts of Every Description. 


Safes for Rent in Burglar-proof Vaults. Securities and Valuables Taken for Safe Keeping. 
Wills Without Charge. 


JAMES HOGAN | Artistic Job P Printing 


Commercial Stationer and Prompt service and moderate prices 
Blank-Book Maker 1000 Red Gummed Labels, $1.00 


Postal brings Sample of 
Printing, Lithographing, and Engraving LETTER-HEADS, ENVELOPES, &c. 


Loose-leaf Devices « Specialty © Typewriter Supplies 
Lodger 604 |" CO. 


BANCROFT & BROTHER 
ESTABLISHED 1856 | 
INSURANCE IN ALL ITS BRANCHES C. F. SESINGER 
114 South 6th St., Ledger Building, Phila. DEALER IN UNLISTED SECURITIES 
1033-1037 REAL ESTATE TRUST BUILDING 
PHILADELPHIA 


Send for Price-List 


The United States 
Audit 


bp Broedwey New York Space like this on this page, $6.00 


per year, payable on receipt of copy 


of Journal containing first insertion 
| of adver. 


CHEMICALS 


Powers- Weightman-Rosengarten Co. 


FOUNDED 1818 


NEW YoRK PHILADELPHIA st. Louis 


Our Product supplied by the trade throughout the United States. 


Fee, sio INSTITUTE 


Applications for membership can be made through any of the officers. 
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S. E. FAIRCHILD, JR. 

Crvit anp MininG ENGINEER 
General naira Rapid Stadia Surveys, | 

Reports Mining Properties 


Franklin Building, Philadelphia 
FRED'K 


Consulting and Analytical ‘Chemist | 


222 ST., PHILA. 
Trade Mark 


THE ROBBINS & MYERS CO. 


Manufacturers of 
Direct and Alternating Currents 


Motors, Cenerators, 
Desk, Ceiling, and Oscillating Fans 


Philadelphia Store | 
1109 ARCH STREET 


SAMUEL SADTLER & SON | 
Chemical 


Analyses and —— made in all branches of 
industrial and applied chemistry. Expert assis- 


tance in the development of chemical processes | 


and patents, and preparation of testimony in 
chemical patent suits. Raw materials and waste 


ks and General Office | 
‘**THESTANDARD” ‘SPRINGFIELD, OHIO 


Procured for In- 
| ventions oe de- 
rade- 

marks Registered, Patent Causes, 

| hes, etc. Call or send for Book of Instructions. 


WIEDERSHEIM & FAIRBANKS 
n= A. Wiedersheim DeLong Buildin 
m. Caner Wiederseim 1232 Chestnut St. 
H. Hayward Fairbanks Philadelphia. 


EVERYTHING IN THE 


Draughting and 


Drawing and Blue Print Papers 


F. WEBER & CO. 
1125 Chestnut Street 


BEVEL GEARS 
Cut Theoretically Correct 
Spur, Bevel, Worm, Spiral 

Gear Cutting 


products of manufacturing processes specially | 


studied and reported upon. 
ffice and Laboratory 


N. E. Cor. 10th & Chestnut Sts., Phila. 


Fourth Floor 


Riehle Bros. Testing Machine Co. | 


Founders, Machinists 
1424 N. 9th St., Philadelphia, Pa. 
Telephone Connection. Cable, “ Riehle. ’ 


Correspondence Solicited from Parties desirin 
the Latest Improved United States desiring 


Testing Machinery and Appliances of all varieties 


HASSELBERG BROS. 
1004 Moravian Street 


and capacities. 
roth and Walnut 


PATENTS 


WILLIAM J. maa 
1300 Land Title Building Philadelphia, Pa. 


Patent, Technical and Legal 
Matters. State and 


Federal Court 


Practice. Ss. | 
se Prenner, E. E. | 


wyer & Engineer, 
1108 Betz Building, 
Philadelphia, Pa. 


ESTABLISHED > 28 
FLAIG 
Late Borhek 


OPTICIAN 
628 Chestnut Street 


| Eyesight Tested Free of Charge Both Phones 
JAMES TAIT 

| SCIENTIFIC OPTICIAN 

| 1701 RIDGE AVENUE, PHILADELPHIA 


Prescription Work and Repairing a Specialty 


_ Lawrence Machine and Supply Co. 
ARCADE BUILDING 


‘OLDACH COMPANY 


LEADING 


BOOKBINDERS 


51 N. SEVENTH ST. 
PHILADELPHIA 


HAMLIN & MORRISON 
ANALYTICAL CHEMISTS 


of Plates, in one or more colors, for type press- 
ting of technical and scientific illustrations in 
Books, Pamphlets, etc. 


Gatchel & Manning 
27 to 41 S. 6th Street 
PHILADELPHIA 
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The Boyden Premium 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited 
with the FRANKLIN INSTITUTE the sum of one thousand dollars, 
to be awarded as a premium to 


“Any resident of North America who shall determine by experi- 
ment whether all rays of light,* and other physical rays, are or 
are not transmitted with the same velocity.” = 3: = 2 


The following conditions have been established for the award of this Premium : 


1. Anyresident of North America, or of the West India Islands, may be a competitor for the 
Premium; the southern boundary of Mexico being considered as the southern limit of North 
America 


2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a memoir 
describing in detail the apparatus, the mode of experimenting and the results; and all memoirs 
received by him before the first day of January, one thousand nine hundred and ten, will, as soon 
as possible after this date, be transmitted to the Committee of Judges. 


3. The Board of Managers of the FRANKLIN InstiTUTE shall, before the first day of January, 
one thousand nine hundred and ten, select three citizens of the United States of competent 
scientific ability, to whom the memoir shall be referred ; and the said Judges shall examine the 
memoirs and report to the FRANKLIN INstITUTE whether, in their opinion, any, and, ifso, which 
of the memoirs is worthy of the Premium. And, on their report, the FRANKLIN INSTITUTE shall 
decide whether the Premium shall be awarded as recommended by the Judges. 


4. Every memoir shall be anonymous, but shall contain some motto or sign by which it can 
be recognized and designated, and shall be accompanied by a sealed envelope, endorsed on the out- 
side with some motto or sign, and containing the name and address of the author of the memoir. 
It shall be the duty of the Secretary of the FRANKLIN INSTITUTE to keep these envelopes se- 
curely and unopened until the Judges shall have finished their examination; when, should the 
Judges be of opinion that any one of the memoirs is worthy of the Premium, the corresponding 
envelope shall be opened, and the name of the author communicated to the Institute. The 
sealed envelopes accompanying unsuccessful memoirs will be destroyed unopened, in the presence 
of the Board of Managers. 


5. Should the Judges think proper, they may require the experiments described in any of the 
memoirs to be repeated in their presence. 


6. The memoirs presented for the Premium shall become the property of the FRANKLIN 
INSTITUTE, and shall be published as it may direct. 


The problem has been more specifically defined by the Board ot Managers, as follows :— 

** Whether or not all rays in the spectrum known at the time the offer was made, namely, 

March 23,1859, and comprised between the lowest frequency known thermal raysin the infra-red, 

and the highest frequency known rays in the ultra-violet, which in the opinion of the Committee 

lie between the approximate frequencies of 2 x 1014 double vibrations per second in the infra-red 
and 8 x 1034 in the ultra-violet, travel sont free space with the same ere 


pom award, made Govt ns year 1907, covered the. solution of the usehteuse: so 
far as the transmission of the visible and ultra-vielet rays are concerned. It has 
been directed by the Board of Managers that the balance of the fund be retained, 
to be awarded to such person as shall demonstrate whether or not the infra-red 
rays are or are not transmitted with the same velocity as the other rays. 


Your courtesy in mentioning the Journal will be appreciated 
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THE 
ENGRAVING 
COMPANY 


236 CHESTNUT STREET 
PHILADELPHIA, PA. 


HALF-TONE AND LINE CUTS 
of the Finest Quality at Woderate Rates 


FOR “THE JOURNAL 
OF THE FRANKLIN INSTITUTE” 


BEE EES 
Mechanical and Scientific Apparatus a Specialty 
CONTRACTS TAKEN for CATALOG WORK 


} 
| 
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The John Scott Legacy 


Medal and Premium 


HE City of Philadelphia holds in trust 
under the legacy of John Scott, of Edin- 
burgh, a sum of money, the interest of 
which is to be used for the encouragement 
of ‘‘ ingenious men and women who make 
useful inventions.’’ The legacy provides 
for the distribution of a Medal, inscribed ‘‘ To the Most 
Deserving,’’ and Money Premium in the sum of $20 to 
such persons whose inventions shall merit the same. The 
examination of the inventions submitted for the Medal and 
Premium has been delegated by the Board of-City Trusts, 
of the City of Philadelphia, to the Franklin Institute, and 
the Institute, under the competent assistance of its Com- 
mittee on Science and the Arts, undertakes to make the 
investigations free of charge and to me 
award all meritorious inventions. 

Applications should be addressed to the Sonar of 
the Franklin Institute, from whom all information relative 

Pursuant to the regulations for the snail of ‘the john 
Scott Legacy Medal and Premium, the Franklin Institute, 
of the State of Pennsylvania, has under consideration favor- 
able reports upon accompanying applications. Any objec- 
tion to the proposed awards, or evidence of want of 
originality of the invention, may be communicated to the 
Secretary of the — — three ames of the date 


Your courtesy in mentioning the Journal will be appreciated 
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The 
Elliott Cresson Medal 


HE Franklin Institute awards the 
Elliott Cresson Gold Medal 
under the provisions of the Deed of 
Trust from Elliott Cresson of the 
City of Philadelphia, dated the 
Eighteenth day of February, 1848, on the 
recommendation of its Committee on Science 

This Medal is to be awarded “either for some 
discovery in the Arts or Sciences, or for the 
invention or improvement of some useful machine, 
or for some new process or combination of mate- 
rials in manufactures, or for ingenuity, skill, or 
perfection in workmanship.” 


Application should be addressed to 
THe SECRETARY OF THE FRANKLIN INSTITUTE 
13, 15, and 17 South 7th Street 
PHILADELPHIA 


Your courtesy in mentioning the Journal will be appreciated 
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INDICES 


TO THE SUBJECT-MATTER AND AUTHORS 


THE FRANKLIN JOURNAL 


AND THE 


Journal of the Franklin Institute 
JANUARY, 1826, to DECEMBER, 1885 


PRICE, $5.00 


JANUARY, 1886, to DECEMBER, 1895 


PRICE, $1.50 


JANUARY, 1896, to DECEMBER, 1905 


PRICE, $1.50 
Address 
THE ACTUARY OF THE FRANKLIN INSTITUTE 
15 South Seventh Street Philadelphia, Pa., U.S. A. 


Railroad Terminal Improvements at 


Providence, R. I. 
( Illustrated) 
GEORGE B. FRANCIS. Boston Society of Civil Engineers 


The East Side Tunnel and its Approaches, 


Providence, R. I. 
( I/lustrated ) 
EDWIN P. DAWLEY. Boston Society of Civil Engineers 


Journal of the Association of Engineering Societies 
30c per copy May, 1909 $3 per annum 
31 Milk Street FRED. BROOKS, Sec’y BOSTON, MASS. 


Your courtesy in mentioning the Journal will be appreciated 


XViii 


| 
eI 
| 
| 
B 
| 
j 
| 
P 
a 
a 
a 
t 
b 
I 
| 
| 


JouRNAL OF FRANKLIN INsTITUTE—ADVERTISEMENTS. 


FRANKLIN INSTITUTE 


CERTIFICATE OF MEMBERSHIP 


Certificates of membership of handsome design, on fine parchment paper, and 
engrossed with the member’s name, suitable for framing, 19 x 24 inches in size, may be 
purchased by members in good standing. PRICE .. Sa 


MEMBERSHIP BADGES 


May be obtained by members in good standing either in the form of a BUTTON, a 
PIN, Or a PENDANT. The design is circular, and consists of a bust in high relief of 
BENJAMIN FRANKLIN, surrounded by a blue enamel ribbon. The finish is blue and 
gold, and the metal work heavily gold-plated. price . . .... 1.00 

“in solid gold . 35.00 
All badges are numbered and the owner’s name and number recorded. 


TERMS AND PRIVILEGES OF MEMBERSHIP 


Any person of legal age who is interested in the objects of the Institute is eligible 
to membership. It is necessary, however, to be elected by the Board of Managers. 

Resident Contributing Members pay FIFTEEN DOLLARS annually. 

Non-Resident Members.—Candidates residing permanently at a distance of 25 miles 
or more from Philadelphia may be elected as non-resident members, and are required to 
pay an entrance fee of FIVE DOLLARS and FIVE DOLLARS annually. 

Life Members.—The payment of TWO HUNDRED DOLLARS in any one year secures 
a life membership, with exemptions from annual dues. 

Privileges. All members, so long as they are not in default for dues, are entitled to 
attend and take part in the meetings of the Institute, to use the library and reading-room, 
to vote at the annual election, to receive tickets to the lectures (ladies’ tickets included), 
and to receive one copy of the Journal. 

Resignations must be made in writing, and cannot be accepted unless dues are paid 
to the date of resignation. 

[The Journal of the Franklin Institute is an illustrated monthly magazine, 80 pages 
octavo, and contains the lectures, papers, discussions, etc., presented before the Institute, 
besides many articles of interest relating to the progress of science and industries. ] 


The undersigned hereby expresses the wish to become a Member of the FRANKLIN 
INSTITUTE. 


NAME 


OccuPATION___— 


ADDRESS. 


THE ACTUARY 
FRANKLIN INSTITUTE 
15 S. Seventh Street, Philadelphia, Pa. 
Your courtesy in mentioning the Journal will be appreciated 


| 
| 
} 
| 
i 
190 
| 


JourRNAL oF FRANKLIN INSTITUTE—ADVERTISEMENTS. 


AWARDS 


made by 


THE FRANKLIN INSTITUTE 
of the STATE OF PENNSYLVANIA 


The Instirutre awards the following Medals and 
Certificate on recommendation of its Committee on 
Science and the Arts:— 


The Elliott Cresson Gold Medal. 

The Howard N. Potts Gold Medal. 

The Edward Longstreth Medal of Merit (Silver). 
The Certificate of Merit. 


ALSO 


The JOHN SCOTT LEGACY PREMIUM AND 
MEDAL is awarded by the Boarp or City 
Trusts of the City of Philadelphia on the 
recommendation of the INsTITUTE. 


The BOYDEN PREMIUM to be awarded by the 
INsTITUTE to any resident of North America who 
shall demonstrate whether or not the infra-red 
rays of light are or are not transmitted with the 
same velocity as the other light rays. 


FOR FURTHER INFORMATION 


Apply to the Secretary of the Institute 
13, 15, and 17 SOUTH SEVENTH STREET 


Your courtesy in mentioning the Journal will be appreciated 
xx 


j 
| 
| 
| 
| 
| 
| 


J. Be LIPPINCOTE Comrany. 


PUBLISHERS a? PRINTERS 


WASHINGTON SQUARE PRESS} 


have exceptional faciiiies for pain printing, and | 
meal and scientifie works, school college catalogues; 
hos) ‘ol, asylum, and institutional teperts. The 
dep» iment is especially well qualified to correct, revise, and 
for press selentifie of every qA spect 


4 

| 

| 

1 is nucle of the and monographs 1 
for rivate distribution: and of biographical, historical, and genes-. | 
1 logical works, . Also binding in Variety from the 
| clo! to the finest Levant morocco, either of single volumes or of 1 oie es 
| com) libraries. Manuscripts, models, drawings, and 

gre). sent for estimate or publication are kept in fire-proof vadlts, | 


 -spondence coneerning the manufacturing of every description 
of book -oF pamphigt. work given prompt 


B. LIPPINCOTT COMPANY 
WASHINGTON SQUARE « PHILADELPHIA | 
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ESTs SLi SHES 1066. 


AN STANDARD 


PHILADELPAIA, PA. 


[HE FRANKLIN INSTITUTE 


| HAS AWARDED TO THE INVENTOR OF 


Vixe Hand “Milli: Tool 


( THE TOGE THAT THE FILE ) 


The Cresson (cdal 


For ‘‘the First Radical, Leading Imgiprovement in Files 
for Generations,’’ See this journal. 


HAVE YOU TRIED THE “YIXEN” TOOL? 
e. It will cut all metals; hard or soft; will work on greasy 
surfaces; doesn’t-elog; .cuts lasts longer than 
a file; leaves a even surfaee on any substance. 


MANUFACTURED ‘BY 


NAT! ONAL PILE AND TOOL 


'0 ALLEGHENY AVENUE PHILADELPHIA 


BLACK DIAMOND-FILE Works 


po 
Special Prize 


Gold Medal 
at Atlanta, Ga. 
1895 


Twelve Medals 
Awarded 
at International 


Expositions 
G.& H. BA RNETT Philadelphia, Pa. 


See our exhi ‘im the Bourse, Fifth near Market Stre< et, P *hiladelphia 


Copy of Cat ie will be sent free to any interested file-user upon application 
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